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® BLACK MATRIX BASE BOARD AND MANUFACTURING METHOD THEREFOR, AND LIQUID CRYSTAL 
DISPLAY PANEL AND MANUFACTURING METHOD THEREFOR. 



^ ® A black matrix base board comprising a transparent base board and a light interrupting layer formed 
thereon, containing metallic particles and thereby having a high light interrupting capability and a low reflection 

0> factor. This black matrix base board is used as the flat display of a liquid crystal display panel, etc.. the imager 
of a CCD. etc.» or the color sensor, etc. The liquid crystal panel configured by sealing liquid crystal between the 

^ two black matrix base boards which face each other exhibits a remarkable contrast, because semiconductor 

^ driving elements on one of the base boards are provided with the light shielding layer containing metallic 

W particles. The elements are protected effectively. 
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The present invention relates to black matrix substrates and processes for preparing the same, more 
particularly to black nnatrix substrates which show high dimensional accuracy and excellent light-shielding 
properties and processes for preparing the same. Further, the invention also relates to liquid crystal display 
panels and processes for preparing the same, more particularly to liquid crystal display panels of high 

5 precision which can be easily prepared. 

Monochromatic or colour liquid crystal display panels have been recently paid much attention as flat 
displays. The liquid crystal display panels Include those of active matrix system and those of simple matrix 
system. In the colour liquid crystal display panels of both systems, a colour filter is used. For example, a 
colour liquid crystal display panel of active matrix system using a thin film transistor (TFT) is formed by 

10 placing a TFT substrate and a colour filter to face each other and sealing a liquid crystal layer between a 
substrate of the TFT substrate and a substrate of the colour filter. For the colour filter, three primaries of red 
(R). green (G) and blue (B) are used, and the liquid crystal acts as a shutter by switching on or off an 
electrode corresponding to each pixel of R. G and B, whereby transmission of each light of the three 
primaries is controlled to effect color display. On the other hand, the TFT substrate comprises a transparent 

75 substrate, a semiconductor device and a pixel electrode, said semiconductor device and said pixel 
electrode being formed integrally with each other on the transparent substrate. The semiconductor device is 
a thin film transistor (TFT) composed of a gate electrode, a gate insulating layer, a semiconductor layer 
made of amorphous silicon (a-Si) or the like, a source electrode and a drain electrode. One end of the drain 
electrode is connected with the semiconductor layer, and the other end thereof is connected with the pixel 

20 electrode. Further, an alignment film is formed to cover the semiconductor device and the pixel electrode. 

In the semiconductor layer made of a-Si or the like, however, an photocurrent is large, and therefor the 
semiconductor device is required to be shielded from light to inhibit leaking of the photocurrent. Accord- 
ingly, the color filter is constructed by forming a light-shielding layer (black matrix), colored layers of R. G 
and B. a overcoat, a transparent electrode layer and an orientation layer on a transparent substrate. The 

25 light-shielding layer also sen/es to enhance chromaticness and display contrast in addition to the inhibition 
of leaking of the photocurrent. Such a light-shielding layer as mentioned above is required to be provided 
not only in the color liquid crystal display panels but also in the monochromatic liquid crystal display panels 
for the same reason. 

As the light-shielding layer, there have been conventionally known a light-shielding layer obtained by 

30 forming a relief through photoetching of a chromium thin film, a light-shielding layer obtained by dyeing a 
hydrophilic resin relief, a light-shielding layer obtained by forming a relief using a photosensitive resin in 
which a black pigment is dispersed (see: Japanese Patent Laid-Open Publications No. 1(1989)-1 02429, No. 
1(1989)-239523 and No. 2(1990)-239204). a light-shielding layer obtained by electrodeposition of a black 
electrodeposition paint, a light-shielding layer obtained by metal-plating with a given pattern on a cured 

35 polymer film containing a catalyst for electroless plating to form a metallic thin film (see: Japanese Patent 
Laid-open Publication No, 2(1990)-251801). and a light-shielding layer obtained by printing. 

However, there are various problems in those conventional light-shielding layers. For example, the light- 
shielding layer obtained by forming a relief through photoetching of a chromium thin film needs a vacuum 
process such as deposition or sputtering in its preparation, or the process for preparing the light-shielding 

40 layer is complicated, resulting in high production cost, though the layer shows high dimensional accuracy. 
Further, in this light-shielding layer, a reflectance of chromium is necessarily restrained to enhance the 
display contrast under an intense external light, and therefore it is necessary to further conduct sputtering of 
chromium having a low reflectance, resulting in much higher production cost. The light-shielding layer 
obtained by using a photosensitive resin in which a black dye or a black pigment is dispersed, though the 

45 production cost of this layer is low. has such problems that a photo process becomes unstable and 
satisfactory light-shielding properties can be hardly obtained because the photosensitive resin is black, 
whereby black matrix of high quality cannot be obtained. The light-shielding layer obtained by forming a 
metallic thin film through electroless plating has a problem of high reflectance because metal is deposited 
only on a surface of the curable film. 

50 In the process for preparing a liquid crystal display panel, the light-shielding layer is required to be 
formed with extremely high accuracy from the viewpoint of alignment of the light-shielding layer and the 
semiconductor device on the TFT substrate, and this alignment operation is also required to be made with 
high accuracy. Therefore, yields of the liquid crystal display panels are compelled to be reduced in the 
conventional process. For shielding the semiconductor device from light much more effectively, a method of 

55 enlarging a width of the light-shielding layer can be mentioned. However, this method still has a problem. 
That is. if the width of the light-shielding layer is enlarged, an aperture ratio of the resulting liquid crystal 
display panel becomes small, and thereby brightness of the panel is reduced. 
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To solve the above-mentioned problems, a method of fomning a light-shielding layer directly on the 
semiconductor device of the TFT substrate is carried out (see: Japanese Patent Laid-Open Publication No. 
60(2985)-! 84228). Even by the use of this method, however, there has not been obtained yet a liquid 
crystal display panel having a light-shielding layer which shows a high optical density, a low reflectance and 
5 a high dimensional accuracy and which can be easily prepared without using a vacuum process. 

It is an object of the present invention to provide a black matrix substrate employable for a flat display 
such as a liquid crystal display panel, an imager such as CCD or a color filter of such as a color sensor and 
showing a high dimensional accuracy, excellent light-shielding properties and a low reflectance, and a 
process by which such a black matrix substrate as mentioned above can be prepared at a low cost. 
10 It is another object of the invention to provide a color or monochromatic liquid crystal display panel in 

which display can be effected with high precision and high contrast and which can be easily prepared, and 
a process for preparing such a color or monochromatic liquid crystal display panel as mentioned above. 

The black matrix substrate according to the invention has a structure comprising a transparent substrate 
and a light-shielding layer provided on the transparent substrate, and the light-shielding layer contains 
15 metallic particles inside thereof, whereby the light-shielding layer shows excellent light-shielding properties 
and has a tow reflectance. 

In first aspect the present invention provides a black matrix substrate comprising a transparent 
substrate and a light-shielding layer containing metallic particles inside thereof which is provided on the 
transparent substrate. 

20 A first method of preparing a black matrix substrate in accordance with the invention comprises the 
steps of exposing to light a photosensitive resin layer containing a hydrophilic resin, said photosensitive 
resin layer being formed on a transparent substrate, through a photo mask having a pattern for a black 
matrix, developing the photosensitive resin layer to form a relief on the transparent substrate, immersing the 
transparent substrate in an aqueous solution of a metallic compound serving as a catalyst for electroless 

25 plating, washing with water and drying the transparent substrate, and then bringing the relief on the 
transparent substrate into contact with an electroless plating solution to form a light-shielding layer having a 
pattern for a black matrix. 

A second method of preparing a black matrix substrate in accordance with the invention comprises the 
steps of exposing to light a photosensitive resin layer containing a hydrophilic resin and a metallic 

30 compound serving as a catalyst for electroless plating, said photosensitive resin layer being formed on a 
transparent substrate, through a photo mask having a pattem for a black matrix, developing the photosen- 
sitive resin layer, washing with water and drying the transparent substrate to form a relief on the transparent 
substrate, and then bringing the relief on the transparent substrate into contact with an electroless plating 
solution to form a light-shielding layer having a pattern for a black matrix. 

36 A third method of preparing a black matrix substrate in accordance with the invention comprises the 
steps of forming on a transparent substrate a photosensitive resin layer containing a compound having at 
least one of a diazo group and an azido group, a metallic compound serving as a catalyst for electroless 
plating and a hydrophilic resin, exposing the resist layer to light through a photo mask having a pattern for a 
black matrix, and bringing the resist layer into contact with an electroless plating solution to form a light- 

40 shielding layer having a pattern for a black matrix. 

The black matrix substrate obtained by the above processes has a light-shielding layer (black matrix) 
containing a metal Inside thereof, and this black matrix has a high optical density, a low reflectance and a 
high dimensional accuracy. Accordingly, the black matrix substrate can be used for a colour filter showing 
high reliability and high contrast. Further, since the black matrix substrate can be prepared without 

45 conducting a vacuum process, the production costs can be lowered. 

In a second aspect the invention provides a liquid crystal display panel comprising substrates facing 
each other and a liquid crystal sealed between the substrates, and at least one of the substrates is provided 
with a semiconductor device having a light-shielding layer containing metallic particles inside thereof. Owing 
to this structure, shielding of the semiconductor device from light can be secured by the light-shielding 

50 layer, and brightness of the display panel can be enhanced. 

A first method of preparing the liquid crystal display panel in accordance with the invention comprises 
the steps of forming a photosensitive resin layer containing a hydrophilic resin on a semiconductor device 
side of the substrate provided with the semiconductor device, exposing to light the photosensitive resin 
layer through a photo mask having a pattern for a black matrix, developing the photosensitive resin layer to 

55 form a relief on the semiconductor device, immersing the substrate in an aqueous solution of a metallic 
compound serving as a catalyst for electroless plating, washing with water and drying the substrate, and 
then bringing the relief into contact with an electroless plating solution to form a light-shielding layer having 
a pattern for a black matrix on the semiconductor device. 
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A second method of preparing a liquid crystal display panel In accordance with the Invention comprises 
the steps of forming a photosensitive resin layer containing a hydrophilic resin and a metallic compound 
serving as a catalyst for electroless plating on a semiconductor device side of the substrate proylded with 
the semiconductor device, exposing to light the photosensitive resin layer through a photo mask having a 
5 pattern for a black matrix, developing the photosensitive resin layer, washing with water and drying the 
substrate to form a relief on the semiconductor device, and then bringing the relief into contact with an 
electroless plating solution to form a light-shielding layer having a pattern for a black matrix on the 
semiconductor device. 

In the liquid crystal display panel obtained by the above processes of the invention, the semiconductor 
10 device formed on the substrate is per se provided with a light-shielding layer, and this light-shielding layer 
contains metallic particles inside thereof. Therefore, the light-shielding layer shows a high optical density 
and a low reflectance, whereby shielding of the semiconductor device from light can be secured without 
enlarging a width of the light-shielding layer differently from the conventional case, and the aperture ratio 
can be increased. Further, an alignment operation of the semiconductor device and the other substrate can 
75 be easily made, and the semiconductor device can be stably driven. 

The invention will now be described in detail with reference to the accompanying drawings In which:- 
Figure 1 is a perspective view showing an active matrix liquid crystal display in accordance with the first 
aspect of the invention, 

Figure 2 is a schematic sectional view of the liquid crystal display shown in Figure 1 , 
20 Figure 3 is an enlarged partial sectional view of a colour filter used for the liquid crystal display shown in 
Figure 1 . 

Figure 4 is a series of sectional views illustrating the steps of a first process for preparing a black matrix 
substrate in accordance with the invention. 

Figure 5 is a series of sectional views illustrating the steps of a second process for preparing a black 
25 matrix substrate in accordance with the invention. 

Figure 6 is a series of sectional views illustrating the steps of a third process for preparing a black matrix 
substrate in accordance with the invention. 

Figure 7 is a series of sectional views illustrating the steps of a fourth process for preparing a black 
matrix substrate in accordance with the invention. 
30 Figure 8 is a perspective view showing a colour liquid crystal display pane! including black matrix in 
accordance with the second aspect of the invention. 

Figure 9 is a schematic sectional view of the colour liquid crystal display panel shown in Figure 8 and 
Figure 10 is a schematic sectional view of a second colour liquid crystal display panel in accordance 
with the second aspect of the invention. 
35 In Figures 1 and 2. the liquid crystal display (LCD) is constructed by placing a colour filter 10 and a 
transparent glass substrate 20 to face each other by way of a sealing material 30, forming therebetween a 
liquid crystal layer 40 made of twisted nematic (TN) liquid crystal and having a thickness of about 5 to 10 
um, and arranging polarising films 50 and 51 on the outer sides of the colour filter 10 and the transparent 
glass substrate 20 respectively. 
40 Figure 3 is an enlarged partial sectional view of the colour filter 10. In Figure 3, the colour filter 10 
includes a black matrix substrate 12 composed of a transparent substrate 13 and a light-shielding layer 
(black matrix ) 14 formed on the substrate 13, a colored layer 16 formed among the black matrix 14 of the 
black matrix substrate 12, a overcoat 18 provided to cover the black matrix 14 and the colored layer 16. and 
a transparent electrode 19. This color filter 10 is arranged so that the transparent electrode 19 Is positioned 
45 on the side of the liquid crystal layer 40. The colored layer 16 consists of a red pattern 16R. a green pattern 
16G and a blue pattern 16B. and the arrangement of those color patterns is mosaic arrangement as shown 
in FIG. 1. The arrangement of the color patterns is in no way limited to the mosaic arrangement, and other 
arrangements such as triangle arrangement and stripe arrangement are available. 

On the transparent glass substrate 20, display electrodes 22 are provided correspondingly to each color 
50 patterns 16R. 16G and 16B. and each of the display electrodes 22 has a thin film transistor (TFT) 24. 
Further, among the display electrodes 22 are laid a scanning line (gate bus line) 26a and a data line 26b 
correspondingly to the black matrix 14. 

In such LCD 1 as mentioned above, each of the color patterns 16R, 16G and 16B constitutes a pixel. 
When the display electrode corresponding to each pixel is switched on or off under irradiation with light 
55 from the side of the polarizing film 51. the liquid crystal layer 40 acts as a shutter and the light is 
transmitted by each pixels of the color patterns 16R, 16G and 16B to effect color display. 

Examples of materials employable for the transparent substrate 13 of the black matrix substrate 12 
constituting the color filter 10 include rigid materials having no flexibility such as quartz glass, low-expanded 

/ 
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glass and soda-lime glass, and flexible materials having flexibility such as transparent resin film and optical 
resin plate.* Among various materials, a 7059 glass (available from Coming Corporation) is particularly 
suitable for a color filter used for LCD of active matrix system, because it has a small coefficient of thermal 
expansion and is excellent in dimensional stability and workability in a high temperature heating treatment 
5 and further It is a non-alkali glass containing no alkali component. 

A first process for preparing the black matrix substrate 12 according to the invention is now described 
with reference to Rgure 4. 

In the first place, a photosensitive resin containing a hydrophilic resin is applied onto the transparent 
substrate 13 to form a photosensitive resin layer 3 having a thickness of 0.1 to 5.0 um, preferably 0.1 to 2.0 

to um (FIG. 4A). When the thickness of the photosensitive resin layer is less than 0.1 unn. deposition of 
metallic particles becomes insufficient, and hence a light-shielding layer having a satisfactory optical density 
cannot been obtained. When the thickness thereof exceeds 5.0 um. a resolution is reduced. The thickness 
of the photosensitive resin layer is more preferably not more than 2.0 um from the viewpoint of the surface 
roughness. In the next place, the photosensitive resin layer 3 is exposed to light through a photo mask 9 for 

75 a black matrix (FIG. 4B). Then, thus exposed photosensitive resin layer 3 is developed to form a relief 
having a pattern for a black matrix (FIG. 4C). Thereafter, the transparent substrate 13 is immersed in an 
aqueous solution of a metallic compound serving as a catalyst for electroless plating, followed by washing 
with water and drying. The substrate is then subjected to a heat treatment (100 to 200 • C, 5 to 30 minutes) 
to make the above relief a catalyst-containing relief 5 (FIG. 4D). The catalyst-containing relief 5 on the 

20 transparent substrate 13 is brought into contact with an electroless plating solution to make the catalyst- 
containing relief a light-shielding layer, whereby a black matrix 14 is formed (FIG. 4E). 

In the process for preparing a black matrix substrate according to the invention, it is possible that after 
formation of the above-mentioned relief 4 (FIG. 4C). the transparent substrate is subjected to a heat 
treatment (70 to 150 'C, 5 to 30 minutes) and then immersed in an aqueous solution of a metallic 

25 compound serving as a catalyst for electroless plating, followed by washing with water and drying, to form a 
catalyst-containing relief 5 (FIG. 4D). tn this case, it is preferred to further conduct a heat treatment (150 to 
250 'C, 30 minutes to 2 hours) after the black matrix 14 is formed by electroless plating (FIG. 4E). By 
conducting the heat treatment before the formation of the catalyst-containing relief 5 as described above, 
the relief 4 can be uniformly dried, and the aqueous solution of a metallic compound serving as a catalyst 

30 for electroless plating permeates uniformly into the relief 4. Further, a period of time required for the 
electroless plating can be controlled by adjusting conditions of the heat treatment. Accordingly, metal 
particles deposit almost uniformly within the whole of the catalyst-containing relief 5. and hence the 
resulting black matrix 14 is almost free from lifting, peeling off, etc. 

A second process for preparing the black matrix substrate 12 according to the invention is now 

35 described below referring to FIG. 5. In the first place, a photosensitive resin containing a hydrophilic resin 
and an aqueous solution of a metallic compound serving as a catalyst for electroless plating is applied onto 
the transparent substrate 13 to form a photosensitive resin layer 7 having a thickness of about 0.1 to 5.0 
um, preferably about 0.1 to 2.0 unr) (FIG. 5A). In the next place, the photosensitive resin layer 7 is exposed 
to light through a photo mask 9 for a black matrix (FIG. 58). Then, thus exposed photosensitive resin layer 

40 is developed and dried to form a catalyst-containing relief 8 having a pattern for a black matrix (FIG. 5C). 
Thereafter, a heat treatment (70 to 150 'C, 5 to 30 minutes) may be carried out. Then, the catalyst- 
containing relief 8 on the transparent substrate 13 is brought into contact with an electroless plating solution 
to make the catalyst-containing relief a light-shielding layer, whereby a black matrix 14 is formed (FIG. 5D). 
Thereafter, it is preferred to conduct a heat treatment (150 to 250 • C, 30 minutes to 2 hours). 

45 The photosensitive resins employable in the invention are resists imparted with light sensitivity. Such 
resists can be obtained, for example, by adding compounds or resins having a cross-rinkable photosensitive 
function groups to hydrophilic resins. Examples of the hydrophilic resins include natural proteins (e.g., 
gelatin, casein, glue and egg albumin), carboxymethyl cellulose, polyvinyl alcohol, polyacrylic acid, 
polyacrylamide. polyvinyl pyrrolidone. polyethylene oxide, maleic anhydride copolymers, carboxylic acid 

50 modified products of the above resins, and sulfonic acid modified products of the above resins. These 
hydrophilic resins can be used singly or in combination. Examples of the compounds or resins having a 
cross-rinkabte photosensitive function group include diazonium compounds having diazo group, diazo resins 
which are reaction products of diazonium compounds and paraformaldehyde, azido compounds having 
azido group, cinnamic acid condensation resin obtained by condensation of cinnamic acid with polyvinyl 

55 alcohol, resin using stilbazolium salt, and ammonium bichromate. As a matter of course, the light-sensitive 
groups employable for the invention are In no way limited to the above-mentioned cross-rinkable photosen- 
sitive function groups. Since the photosensitive resin contains a hydrophilic resin as described above, the 
electroless plating solution easily permeates into the catalyst-containing relief 5, 8 when the catalyst- 
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containing relief is brought into contact with the electroless plating solution, and metallic particles uniformly 
deposit within the catalyst-containing relief. Accordingly, the resulting black matrix 14 becomes sufficiently 
black and has a low reflectance, and as a result, the aforementioned problem of reflection by a metal layer 
associated with the conventional technique of formation of a chromium thin film can be solved. 

5 Examples of the metallic compound serving as a catalyst for electroless plating in the invention include 

water-soluble salts such as chlorides and nitrates of various metals (e.g.. palladium, gold, silver, platinum 
and copper), and complex compounds of those metals. In the use of the metallic compound, commercially 
available activators for electroless plating can be per se employed. When such metallic compound is 
incorporated into the photosensitive resin as described above, the metallic compound is used preferably in 

10 an amount of about 0.00001 to 0.001 % by weight. 

The electroless plating solutions employable in the invention are those containing a reductant. a water- 
soluble heavy metal salt capable of being reduced, a basic compound to enhance plating speed, reducing 
efficiency, etc.. a pH adjusting agent such as inorganic or organic acid, a buffering agent, a complexing 
agent to stabilize heavy metal ion, an accelerator, a stabilizer, a surface active agent, etc. Concrete 

75 examples of the reductant include hypophosphorous acid, sodium hypophosphite. sodium boron hydride. N- 
dimethylamine borane, borazine derivative, hydrazine and formalin. Concrete examples of the water soluble 
heavy metal salts include nickel, cobalt, iron, copper and chromium. Examples of the basic compounds 
include caustic soda and ammonium hydroxide. Examples of the buffering agents include alkali salts of 
oxycarboxylic acid (e.g.. sodium citrate and sodium acetate), boric acid, carbonic acid, organic acid and 

20 inorganic acid. The electroless plating solutions may be used in combination of two or more kinds. For 
example, it is possible to use first an electroless plating solution containing a boron type reductant capable 
of easily forming a nucleus (e.g., palladium nucleus in the case of using a palladium compound as the 
metallic compound serving as a catalyst for electroless plating), for example, sodium boron hydride, and 
then to use an electroless plating solution containing a hypophosphorous acid type reductant which is fast 

25 in the metal deposition speed. 

In the case of using an electroless plating solution containing a boron type reductant. a temperature of 
the electroless plating solution in the electroless plating stage is preferably in the range of about 10 to 60 
•C. When the temperature of the electroless plating solution exceeds 60 ^C, the plating speed becomes 
too high, and thereby the light-shielding layer sometimes suffer metallic gloss. 

30 A third process for preparing the black matrix substrate 12 according to the invention is described: 
below referring to Figure 6. 

In the first place, a photosensitive resin containing a hydrophilic resin, a compound having diazo group 
or azido group and a metallic compound serving as a catalyst for electroless plating is applied onto the 
transparent substrate 13 and dried, to form a photosensitive resin layer 3 having a thickness of about 0.1 to 

35 5,0 um. preferably about 0.1 to 2.0 um (FIG. 6A). It is well known that the compound having diazo group or 
azido group functions to inhibit plating in the stage of electroless plating, and that when a resist containing 
this compound, a hydrophilic resin and a compound serving as a catalyst for electroless plating is subjected 
to pattern exposure and then brought into contact with an electroless plating solution, metallic particles are 
formed within the resist layer by the electroless plating to form a light-shielding layer (see: Japanese Patent 

40 Laid-open Publications No. 57(1 982)-1 04928 and No. 57(1 982)-1 04929). In the next place, the photosen- 
sitive resin layer 3 . is exposed to light through a photo mask 9 for a black matrix (FIG. 6B). Then, the 
transparent substrate 13 is brought into contact with an electroless plating solution to deposit metallic 
particles in the exposed portion by electroless plating, whereby a light-shielding layer (Black matrix) Is 
formed (FIG. 6C). 

45 A fourth process for preparing the black matrix substrate 12 is illustrated below referring to Figure 7. 

In the first place, a photosensitive resin containing a hydrophilic resin, a compound having diazo group 
or azido group and a metallic compound serving as a catalyst for electroless plating is applied onto the 
transparent substrate 13 and dried, to form a photosensitive resin layer 3 having a thickness of about 0.1 to 
5.0 um. preferably about 0.1 to 2.0 um (FIG. 7A). In the next place, the photosensitive resin layer 3 Is 

50 exposed to light through a photo mask 9 for a black matrix (FIG. 78). Then, the transparent substrate 13 is 
brought into contact with an electroless plating solution to deposit metallic particles in the exposed portion 
by electroless plating, whereby a light-shielding layer is formed (FIG. 7C). Thereafter, the transparent 
substrate 13 is developed to remove the unexposed portion, whereby a black matrix 14 is formed (FIG. 7D). 
Examples of hydrophilic resins used for preparing such a black matrix substrate as shown in FIG. 6 or 

55 FIG. 7 include natural high molecular materials such as gelatin, casein, glue, gum arable, shellac and egg 
albumin, carboxymethyl cellulose, polyvinyl alcohol (including partially saponified polyvinyl acetate and 
modified polyvinyl alcohol), polyacrylic acid, polyacrylamide. polyvinyl pyrrolidone. polyethylene oxide, 
maleic anhydride copolymers, carboxylic acid modified products of the above resins, and sulfonic acid 
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modified products of the above resins. Other resins than the above-exemplified ones are also employable 
with the proviso that they are water-soluble or hydrophilic. The hydrophillc resin used in the invention has 
such a hydrophilic degree that the electroless plating solution permeates into the photosensitive resin layer 
3. The hydrophilic resins can be used in combination of plural kinds. 

5 The compound having diazo group or azido group used for the purpose of inhibiting the electroless 

plating include the following compounds. 

Examples of the compounds having diazo group preferably used include p-N,N-diethylaminoben- 
zenediazonium chloride zinc chloride double salt, p-N-ethyl-N-^-hydroxyethylaminobenzenediazonium chlo- 
ride zinc chloride double salt, p-N. N-dimethylamlnobenzenediazonium chloride zinc chloride double salt. 4- 

10 morpholincbenzenediazonium chloride zinc chloride double salt, 4-morpholino-2,5-diethoxyben- 
zenediazonium chloride zinc chloride double salt, 4-morpholino-2.5-dibutoxybenzenediazonium chloride zinc 
chloride double salt. 4-benzoylamino-2,5-diethoxybenzenediazonium chloride zinc chloride double salt, 4-(4- 
methoxyben2oylamino)-2,5-diethoxybenzenediazonium chloride zinc chloride double salt. 4-(p-toIuylmer- 
capto)-2.5-dimethoxybenzenediazonium chloride zinc chloride double salt. 4-diazodiphenylamine zinc chlo- 

16 ride double salt, 4-diazo-4'-methoxydiphenylamine zinc chloride double salt. 4-dia20-3-methoxy- 
diphenylamine zinc chloride double salt, sulfates, phosphates and boron fluoride salts conresponding to the 
above-mentioned zinc chloride double salts, and diazo resins which are reaction products of these 
diazonium compounds and paraformaldehyde. 

Examples of the compounds having azido group include p-azidobenzalaldehyde. p-azidoacetophenone, 

20 p-azidobenzoic acid, p-azidobenzalacetophenone. p-azidobenzalacetone, 4,4*-diazidochalcone, 2.6-bis-(4*- 
azidobenzal)-acetone, 4.4*-diazidostilbene-2.2*-disulfonic acid, p-azidobenzoyi chloride. 3-azidophthalic an- 
hydride, 4.4*-diazidodiphenylsulfone, p-azldoclnnamic acid, and 4.4'-diazidoben2oylacetone-2.2'-sodiumsul- 
fonate. 

As the metallic compound and the electroless plating solution used herein, the above-exemplified 
25 metallic compounds and electroless plating solutions can be employed. 

Examples of the developing solutions used for removing the unexposed portion (other portion than the 
black matrix pattern) after the formation of the light-shielding layer for a black matrix include water, warm 
water, and inorganic or organic alkali such as NaOH, KOH. Na2C03. tetramethylammonium hydroxide and 
choline. They can be used in accordance with a conventional manner. 
30 In any of the processes for preparing a black matrix substrate mentioned above, a reflectance of the 
obtained light-shielding layer at a wavelength of 545 nm is at most 30 %, generally not more than 5 %. This 
reflectance is extremely lower than a reflectance (50 to 80 %) of a conventional light-shielding layer made 
of chromium thin film, and therefore display quality of very high level can be obtained. 

The metallic particles dispersed within the light-shielding layer have a particle diameter of at most 0.05 
36 urn, generally in the range of 0.01 to 0.02 urn, and owing to the metallic particles, the light-shielding layer 
is a uniform and homogeneous film. 

Further, in any of the aforesaid processes for preparing a black matrix substrate, a light-shielding layer 
having an optical density of not less than 3.0 can be obtained by varying the plating time, but the optical 
density of the light-shielding layer is preferably not less than 1 .5 from the viewpoints of the aforementioned 
4o light-shielding properties against the TFT and improvement of contrast. When the optical density of the 
light-shielding layer is less than 1.5, the light-shielding layer does not have a sufficient light-shielding 
function, and the obtained substrate cannot be used as a black matrix substrate. 

A thickness of the light-shielding layer can also be optionally determined by varying the amount of the 
photosensitive resin to be applied, but the thickness thereof is generally in the range of 0.1 to 5.0 um, 
45 preferably 0.1 to 2.0 um, from the viewpoints of the aforementioned surface roughness, resolution and 
optical density of the resulting black matrix substrate. 

The colored layers of R. G and B can be fonmed on circumferences of the black matrix 14 of the black 
matrix substrate 12 (i.e.. areas other than the black matrix 14 on the transparent substrate 13 in the 
embodiments shown In FIGS. 4, 5 and 7. and the unexposed portion of the photosensitive resin layer in the 
50 embodiment shown In FIG. 6) by conventionally known methods such as dyeing method, dispersing 
method, printing method and electrodeposition. These methods may be used In combination. 

The overcoat 18 provided to cover the black matrix 14 and the colored layer 16 of the color filter 10 is 
for the purpose of improving surface roughness, enhancing reliability and preventing contamination, of the 
color filter 10. The overcoat 18 can be formed using transparent resins such as acrylic resins, epoxy resins 
55 and polyimide resins or transparent inorganic compounds such as silicon dioxide. A thickness of the 
overcoat 18 is preferably in the range of about 0.1 to 10 um. 

An indium tin oxide (ITO) film can be used as the transparent electrode 19. The ITO film can be formed 
by a conventional method such as deposition or sputtering. A thickness of the ITO film is preferably in the 
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range of about 200 to 2,000 A. ^ ^ , 

A liquid crystal display panel in accordance with the second aspect of the invention is described below 
with reference to Figures 8 to 10. The colour liquid crystal panel 101 shown in Figures 8 and 9 is 
constructed by placing a TFT substrate 110 and a colour filter 130 to face each other by way of a sealing 
material (not shown), sealing a liquid crystal layer 140 made of a twisted nematic (TN) liquid crystal and 
having a thickness of about 5 to 10 urn between a substrate of the TFT substrate and a substrate of the 
colour filter, and arranging polarising films 150 and 151 on outer sides of the colour filter 130 and the TFT 
substrate 110, respectively. ^ • ^, 

The TFT substrate includes a transparent substrate 111, a semiconductor device 112 and pixel 
electrodes 120, said semiconductor device and said pixel electrodes being formed integrally with each other 
on the transparent substrate. Each of the pixel electrodes 120 is provided correspondingly to each color 
pattern of the color filter 130 which will be described later, and among the pixel electrodes 120 is laid a 
scanning line (gate bus line) 123a and a data line 123b. The semiconductor device 112 is a thin film 
transistor (TFT) composed of a gate electrode 113. a gate insulating layer 114, a semiconductor layer 115 
made of amorphous silicon (a-Si) or the like, a source electrode 116 and a drain electrode 117. One end of 
the drain electrode 117 is connected with the semiconductor layer 115, and the other end thereof is 
connected with the pixel electrode 120. On the source electrode 116 and the drain electrode 117 of the 
semiconductor device 112 is formed a light-shielding layer 119 so that the semiconductor layer 115 is 
shielded from light. Further, an orientation layer 125 is formed to cover the semiconductor device 112 and 

the pixel electrodes 120. ^ ... x . 

The color filter 130 includes a transparent substrate 131, a colored layer 132 formed on the transparent 
substrate 131, a overcoat 133 formed to cover the colored layer 132. a transparent electrode 134 and an 
orientation layer 135. This color filter 130 is arranged so that the orientation layer 135 is positioned on the 
side of the liquid crystal layer 140. The colored layer 132 is composed of a red pattern 132R, a green 
pattern 132G and a blue pattern 132B, and the anrangement of those color patterns is mosaic arrangement 
as shown In FIQ. 8. The arrangement of the color patterns is in no way limited to the mosaic anrangement. 
and other arrangements such as triangle arrangement and stripe arrangement are also available. 

In such a color liquid crystal display panel 101 as mentioned above, each of the color patterns 132R. 
132G and 132B constitutes a pixel. When the pixel electrode 120 corresponding to each pixel is switched 
on or off under in-adiation with light from the side of the polarizing film 151. the liquid crystal layer 140 acts 
as a shutter and the light is transmitted by each pixels of the color patterns 132R. 132G and 132B to effect 

color display. „ 
Examples of materials employable for the transparent substrates 111 and 131 constituting TPT 
substrate 110 and the color filter 130, respectively, include rigid materials having no flexibility such as 
quartz glass, low-expanded glass and soda-lime glass, and flexible materials having flexibility such as 
transparent resin film and optical resin plate. Among various materials, a 7059 glass (available from Coming 
Corporation) is particularly suitable for the color liquid crystal display panel of active matrix system, 
because it has a small coefficient of thermal expansion and is excellent in dimensional stability and 
workability in a high temperature heating treatment, and further it is a non-alkali glass containing no alkali 

component. ^ . 

The semiconductor device 112 (TFT) composed of the gate electrode 113. the gate insulating layer 
114. the semiconductor layer 115. the source electrode 116 and the drain electrode 117 can be formed by 
conventionally known methods. 

The light-shielding layer 119 provided on the source electrode 116 and the drain electrode 117 to shield 
the semiconductor layer 115 of the semiconductor device 112 from light is formed, for example, by the 
following process including electroless plating. That is, the whole surface of the transparent substrate 111 
including the semiconductor layer 115. the source electrode 116 and the drain electrode 117 is coated with 
a photosensitive resin containing a hydrophilic resin to form a photosensitive resin layer having a thickness 
of about 0.1 to 5.0 urn. preferably about 0.1 to 2.0 urn. Then, the photosensitive resin layer is exposed to 
light through a photo mask for a light-shielding layer 119. After the exposure, the photosensitive resin layer 
is developed to form a relief having a pattem for a light-shielding layer on the pre-determlned areas of the 
source electrode 116 and the drain electrode 117. Thereafter, the transparent substrate 111 is immersed in 
an aqueous solution of a metallic compound serving as a catalyst for electroless plating, then washed with 
water, dried, and subjected to a heat treatment (50 to 200 '0. 5 to 30 minutes), to form a catalyst- 
conlaining relief. The Iransparenl subslralo 111 is furltier Immersed in an eloclroloss plaling solution lo 
bring the calalysl-conlaining relief into conlacl wilh Ihe eleclroless plaling solulion. wliereby melallic 
particles deposit inside of the relief. Thus, a light-shielding layer 119 was fonned. 
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A process for preparing the liquid crystal display panel in accordance with the second aspect of the 
invention is as follows. The catalyst-containing relief is formed by a process comprising forming a relief as 
described above, then conducting a heat treatment (70 to 150'C. 5 to 30 minutes). Immersing the 
transparent substrate 111 in an aqueous solution of a metallic compound serving as a catalyst for 
5 electroless plating, washing with water and drying the substrate. In this case, it is preferred to further 
conduct a heat treatment (150 to 250 -C. 30 minutes to 2 hours) after the light-shielding layer 119 is formed 
by electroless plating. By conducting the heat treatment before the formation of the catalyst-containing relief 
as described above, the relief can be uniformly dried, and the aqueous solution of a metallic compound 
serving as a catalyst for electroless plating uniformly permeates into the relief. Further, a period of time 
10 required for the electroless plating can be controlled by adjusting conditions of the heat treatment. 
Accordingly, metal particles deposit almost uniformly within the whole of the catalyst-containing relief, and 
thoroby the resulting light-shlolding layer 110 la olmost froo from lifting, pooling off, etc. 

The light-shielding layer 119 may be also formed by the following process including electroless plating. 
That is. a photosensitive resin containing a hydrophilic resin and an aqueous solution of a metallic 
16 compound serving as a catalyst for electroless plating is applied onto the transparent substrate 111, to form 
a photosensitive resin layer having a thickness of about 0.1 to Sum, preferably about 0.1 to 2.0 um. Then, 
the photosensitive resin layer is exposed to light through a photo mask for a light-shielding layer 119. and 
thus exposed photosensitive resin layer is developed and dried to form a catalyst-containing relief having a 
pattern for a light-shielding layer. Thereafter, a heat treatment (70 to 150 -C. 5 to 30 minutes) may be 
20 carried out Then, the transparent substrate 1 1 1 Is immersed in an electroless plating solution to bring the 
catalyst-containing relief into contact with the electroless plating solution, whereby metallic particles deposit 
inside of the catalyst-containing relief. Thus, a light-shielding layer 119 was formed. 

As the photosensitive resin and the hydrophilic resin to be contained in the photosensitive resin, there 
can be employed those described before in the process for preparing a black matrix substrate, and 
25 concrete examples thereof are omitted herein. 

In a case where the light-shielding layer 119 Is fonmed from a metal layer of chromium thin film or the 
like, leakage of cun-ent takes place between the source electrode 116 and the drain electrode 117. If an 
insulating layer is provided between the light-shielding layer 119 and the electrode in order to prevent the 
leakage of current, a condenser is formed, so that provision of such insulating layer is unfavourable. In the 
30 present invention, however, the light-shielding layer is formed by depositing metallic particles inside of the 
catalyst-containing relief by electroless plating as described above, so that the light-shielding layer has 
sufficiently high specific resistance. 

The colour liquid crystal display panel shown in Figure 10 is the same as the colour liquid crystal 
display panel shown in Figure 9 except that the light-shielding layer 119 is provided by way of an insulating 
35 layer 118. In Figures 9 and 10. the same numerals designate corresponding parts to each other. 

The insulating layer 118 of the colour liquid crystal display panel shown in Figure 10 can be formed 
from known insulating materials such as SiNx. Owing to the insulating layer 118, the semiconductor device 
112 is effectively isolated from the light-shielding layer 119. and thereby contamination of the semiconduc- 
tor layer 115 caused by the light-shielding layer 119 and leakage of current between the source electrode 
40 116 and the drain electrode 117 can be surely prevented. 

The light-shielding layer 119 can be formed on the source electrode 116 and the drain electrode 117 so 
as to cover the semiconductor layer 115 of the semiconductor device 1 12 by way of the insulating layer 118 
in accordance with the aforementioned method for forming the light-shielding layer, so that detailed 
description on the formation of the light-shielding layer 119 is omitted herein. 
45 As the metallic compound serving as a catalyst for electroless plating and the electroless plating 
solution, there can be employed those described before in the process for preparing a black matrix 
substrate, and concrete examples thereof are omitted herein. 

In such a color filter 130 as mentioned above, the colored layer 132 composed of a red pattern 132R, a 
green pattern 132G and a blue pattern 132B can be formed by conventionally known methods such as 
50 dyeing method, dispersing method, printing method and electrodeposition. 

The overcoat 133 provided to cover the colored layer 132 of the color filter 130 is for the purpose of 
improving surface roughness of the color filter 130. enhancing reliability thereof and preventing contamina- 
tion of the liquid crystal layer 140. The overcoat 133 can be formed using transparent resins such as acrylic 
resins, epoxy resins and polyimide resins, melamine resin or transparent inorganic compounds such as 
55 silicon dioxide. A thickness of the overcoat is preferably in the range of 0.1 to 10 um. 

An indium tin oxide (ITO) film can be used as the transparent electrode 134 in Figure 9 or Figure 10. 
The ITO film can be formed by a conventional method such as sputtering. A thickness of the ITO film is 
preferably in the range of 200 to 2.000 A. 
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As the orientation layer 125 of the TFT substrate 110 and the orientation layer 135 of the colour filter 
130 there can be used those formed by known methods such as a layer formed by oblique deposition a 
layer formed by application of an organic orientating agent having cyano group, carboxylic group or the like, 
or a layer made of polyimide resin. 

The present invention is described in more detail by way of the following examples. 
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EXAMPLE 1 
Sample 1 



A 7059 glass (available from Corning Corporation, thickness: 1.1 mm) was used as a transparent 
substrate. Onto the transparent substrate was applied a photosensitive resin having the following composi- 
tion by means of spin coating (rotation speed: 800 r.p.m.), and the photosensitive resin was dned at 70-C 
for 5 minutes to form a photosensitive resin layer (thickness: 2 um). 



(Composition of the photosensitive resin) 



20 



25 



.A 10% aqueous solution of polyvinyl alcohol (Gosenal 
T-330. available from Nippon Gosei Kagaku K.K.) 
.A 20% aqueous solution of diazo resin (D-OII, 
available from Shinko Giken K.K.) 
.Water 



20 parts by weight 
0.8 part by weight 
15 parts by weight 



Then, the photosensitive resin layer was exposed to light through a photo mask for a black matrix (line 
width- 20 um). In the exposure, an ultra-high-pressure mercury lamp (2 kW) was used as a light source, and ^ 
irradiation with the light was carried out for 10 seconds. Thereafter, the photosensitive resin layer was 
subjected to spray development using water of a normal temperature and then subjected to air drying, to 

30 form a relief having a line width of 20 um. . • ^^h^mu.^ ^^hi^riH** 

Subsequently, the transparent substrate was Immersed In an aqueous solution of palladium chloride 
(Red Sumer. available from Nippon Kanlgen K.K.) for 10 seconds, then washed with water and dried. The., 
transparent substrate was then subjected to a heat treatment at 150 -C for 15 minutes to make the above 
relief a catalyst-containing relief. ^ or. * • ■ 

35 Thereafter, the transparent substrate was immersed in a nickel plating solution of 30 -C containing a 
boron type reductant (Top Chemialloy B-1. nickel plating solution available from Okuno Seiyaku K.K.) for 3 
minutes, then washed with water and dried to form a light-shielding layer (black matrix). Thus, a black 
matrix substrate (Sample 1) was obtained. 

40 Samples 2 - 4 

The above procedure for preparing Sample 1 was repeated except for varying the thickness of the 
photosensitive resin layer to 1 um, 4 um and 10 um. to prepare black matrix substrates (Samples 2 to 4). 

45 Sample 5 

Onto the same transparent substrate as used for Sample 1. a photosensitive resin having the following 
composition was applied by means of spin coating (rotation speed: 800 r.p.m.), and the photosensitive resin 
was dried at 70 'C for 5 minutes to form a photosensitive resin layer (thickness: 2 um). 

50 



55 



11 



EPO 546 198 A1 



(Composition of the photosensitive resin) 



10 



16 



20 



35 



• A 10% aqueous solution of polyvinyl alcohol (Gosenal 
T-330. available from Nippon Gosel Kagaku K.K.) 

• A 20% aqueous solution of diazo resin (D-01 1 , 
available from Shinko Giken K.K.) 

• An aqueous solution of palladium chloride (Red 
Sumer. available from Nippon Kanigen K.K.) 



20 parts by weight 
0.8 part by weight 
15 parts by weight 



Then, the photosensitive resin layer was exposed to light through a photo mask for a black matrix (line 
width: 20 um). In the exposure, an ultra-high-pressure mercury lamp (2 kw) was used as a light source, and 
irradiation with the light was carried out for 10 seconds. Thereafter, the photosensitive resin layer was 
subjected to spray development using water of a normal temperature and then subjected to air drying, to 
form a catalyst-containing relief having a line width of 20 um. 

Subsequently, the transparent substrate was immersed in a nickel plating solution of 30 'C containing a 
boron type reductant (Top Chemialloy B-1. nickel plating solution available from Okuno Seiyaku K.K.) for 20 
seconds, and then further immersed in a nickel plating solution of 30 • C containing a hypophosphorous 
acid type reductant (Tsp55 Nickel, nickel plating solution available from Okuno Seiyaku K.K.. A/C = 1/2) for 
2 minutes. The transparent substrate was washed with water and dried to form a light-shielding layer (black 
matrix). Further, the transparent substrate was subjected to a heat treatment at 200 • C for 1 hour to obtain 
a black matrix substrate (Sample 5). 

25 Samples 6-8 

The above procedure for preparing Sample 5 was repeated except for varying the thickness of the 
photosensitive resin layer to 1 um. 4 um and 10 um. to prepare black matrix substrates (Samples 6 to 8). 

30 Comparative Sample 1 

A 7059 glass (available from Corning Corporation, thickness: 1.1 mm) was used as a transparent 
substrate. This substrate was immersed in a hydrogen fluoride acid to conduct etching of the glass. Thus, a 
pre-treatment of the surface of the substrate was carried out. Then, tin ion was adsorbed on the surface of 
the substrate using stannous chloride and a hydrochloric acid. Thereafter, the substrate was subjected to 
the same palladium chloride treatment and the same electroless nickel plating as those for Sample 1 . and 
then a black matrix substrate (Comparative Sample 1) was obtained in accordance with a conventional 
process. 



4o Comparative Sample 2 

Onto the same transparent substrate as used for Sample 1. a photosensitive resin having the following 
composition was applied by means of spin coating (rotation speed: 200 r.p.m.). and the photosensitive resin 
was dried to form a photosensitive resin layer (thickness: 1 um). 



45 



(Composition of the photosensitive resin) 



50 



65 



A 10 % aqueous solution of gelatin 

A 10 % aqueous solution of ammonium bichromate 



10 parts by weight 
3 parts by weight 



Then, the photosensitive resin layer was exposed to light through a photo mask for a black matrix (line 
width: 20 um). In the exposure, an ultra-high-pressure mercury lamp (2 kw) was used as a light source, and 
irradiation with the light was carried out for 10 seconds. Thereafter, the photosensitive resin layer was 
subjected to spray development using water of a normal temperature and then subjected to air drying, to 
form a relief for a black matrix having a line width of 20 um. 
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Subsequently, the transparent substrate was Immersed in a 1 % stannous chloride solution (IN 
hydrochloric acid acidic solution) of 60 to 70 -C for 60 to 120 seconds, then further immersed in a 0.3 % 
palladium chloride solution (1N hydrochloric acid acidic solution) at 30 -C for 30 to 60 seconds, and 
washed with water. Immediately after washing with water, the transparent substrate was immersed m a 
nickel plating solution (Blue Sumer, available from Nippon Kanigen K.K.) of 70 to 80 -C and electroless 
plating was tried to be made. However, nickel deposited not only in the relief but also in the whole of the 
substrate because tin was attached onto all surface of the substrate, so that it was impossible to form a 

black matrix. , ^ ^ o\ 

Each of the black matrix substrates obtained as above (Samples 1 to 8. Comparative Samples 1 and ^) 
was measured on an optical density OD of the black matrix, a reflectance R thereof at a wavelength of 545 
nm. a resolution thereof (line and space) and particle diameters of the nickel particles. The results obtained 
by the measurements are set forth in Table 1 . 



75 



Table 1 




Black Matrix Substrate 


Optical Density OD 


Reflectance R (%) 


Resolution (um) 


Diameter of Nickel 
Particle (urn) 


Sample 1 
Sample 2 
Sample 3 
Sample 4 
Sample 5 
Sample 6 
Sample 7 
Sample 8 


OD ^ 3.0 
OD ^ 3.0 
OD ^ 3.0 
OD ^ 3.0 
OD ^ 3.0 
OD ^ 3.0 
OD ^ 3.0 
OD ^ 3.0 


R^ 5 
R^5 
R^5 
R^ 5 
R^ 5 
R^ 5 
R^ 5 
R^ 5 


4 

4 
6 

12 
4 
4 
5 

10 


0.01-0,02 
0.01-0.02 
0.01-0.02 
0.01-0.02 
0.O1-O.02 
0.01-0.02 
0.01-0.02 
0.01-0.02 


Comp. Sample 1 
Comp. Sample 2 


OD ^ 3.0 
OD S 3.0 


R^ 50 
R^ 50 


4 

unable to be plated 





20 



25 



30 



EXAMPLE 2 



35 



40 



45 



50 



55 



Sample 1 

Formation of a photosensitive resin layer and exposure of the photosensitive resin layer to light were 
made in the same manner as those for Sample 1 of Experiment Example 1. Then, the photosensitive resin 
layer was subjected to spray development using water of a normal temperature, and further subjected to a 
heat treatment at 100 • C for 30 minutes to form a relief for a black matrix having a line width of 20 um. 

Subsequently, the transparent substrate was immersed in an aqueous solution of palladium chloride 
(Red Sumer, available from Nippon Kanigen K.K.) for 10 seconds, then washed with water and dried, to 
make the above relief a catalyst-containing relief. 

Thereafter, the transparent substrate was immersed in a nickel plating solution of 30 • C containing a 
boron type reductant (Top Chemialloy B-1 . nickel plating solution available from Okuno Seiyaku K.K.) for 3 
minutes, then washed with water and dried to form a light-shielding layer (black matrix). The transparent 
substrate was then subjected to a heat treatment at 200 -C for 1 hour to obtain a black matrix substrate 
(Sample 1). 

Samples 2-4 

The above procedure for preparing Sample 1 was repeated except for varying the thickness of the 
photosensitive resin layer to 1 um, 4 um and 10 um, to prepare black matrix substrates (Samples 2 to 4). 

Each of the black matrix substrates obtained as above (Samples 1 to 4) was measured on an optical 
density OD of the black matrix, a reflectance R thereof at a wavelength of 545 nm. a resolution thereof (line 
and space) and particle diameters of nickel particles in the same manner as described in Experiment 
Example 1 . The results obtained by the measurements are set forth in Table 2. 
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Table 2 



Black Matrix Substrate 


Optical Density OD 


Reflectance R (%) 


Resolution (um) 


Diameter of Nickel 
Particle (u) 


Sample 1 


OD ^ 3.0 


R^ 5 


4 


0.01-0.02 


Sample 2 


OD ^ 3.0 


R^ 5 


4 


0.01-0.02 


Sample 3 


OD ^ 3.0 


R^ 5 


6 


0.01-0.02 


Sample 4 


OD ^ 3.0 


R^ 5 


12 


0.01-0.02 



/ 

EXAMPLE 3 

A 7059 glass (available from Corning Corporation, thickness: 1.1 mm) was used as a transparent 
substrate. Onto the transparent substrate was applied a photosensitive resin having the following composi- 
tion by means of spin coating (rotation speed: 600 r.p.m.), and the photosensitive resin was dried at 70 • C 
for 10 minutes to form a photosensitive resin layer (thickness: 3 um). 

(Composition of the photosensitive resin) 



25 



30 



35 



40 



46 



50 



• A 10 % aqueous solution of polyvinyl alcohol (Gosenal 
T-330, available from Nippon Gosei Kagaku K.K.) 

• A hydrochloric aqueous solution of palladium chloride 
(Red Sumer. available from Nippon Kanigen K.K.) 

• A 20 % aqueous solution of diazo resin (D-011. 
available from Shinko Giken K.K.) 



20 parts by weight 
15 parts by weight 
0.8 part by weight 



Then, the photosensitive resin layer was exposed to light through a photo mask for a black matrix 
(negative pattern, line width: 20 um). In the exposure, an ultra-high-pressure mercury lamp (2 kw) was used 
as a light source, and Irradiation with the light was carried out for 20 seconds. 

Subsequently, the transparent substrate was immersed in a nickel plating solution of a normal 
temperature containing a boron type reductant (Top Chemialloy B-1. available from Okuno Seiyaku K.K.) for 
30 seconds, and then further immersed in a nickel plating solution of a normal temperature containing a 
hypophosphorous acid type reductant (Tsp55 Nickel, available from Okuno Soiyaku K.K., A/C = 1/2) for 1 
minute to deposit nickel particles in the exposed portion, whereby a light-shielding layer was formed. The 
transparent substrate was washed with water and dried to obtain a black matrix substrate. 

In the black matrix substrate, the black matrix had an optical density (OD) of not less than 3.0 and a 
reflectance of not more than 5 % at a wavelength of 545 nm. Further, as results of measurements of a 
resolution (line and space) of the black matrix and a mean particle diameter of the deposited nickel 
particles, the resolution was 4 um and the mean particle diameter was in the range of 0.01 to 0,02 um. 

Sample 2 

Onto the same transparent substrate as used for Sample 1. a photosensitive resin having the following 
composition was applied by means of spin coating (rotation speed: 800 r.p.m.), and the photosensitive resin 
was dried at 70 'C for 10 minutes to form a photosensitive resin layer (thickness: 2 um). 



55 
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(Composition of the photosensitive resin) 



10 



IS 



20 



25 



• A 10 % aqueous solution of polyvinyl alcohol (Gosenal 
T-330, available from Nippon Gosei Kagaku K.K.) 

• A hydrochloric aqueous solution of palladium chloride 

• A 10 % methyl cellosolve solution of diazo monomer 
(DH-3OOBF4. available from Daito Kagaku K.K.) 

• A 20 % aqueous solution of diazo resin (D-01 1. 
available from Shinko Giken K.K.) 



20 parts by weight 

15 parts by weight 
2.0 parts by weight 

0.2 part by weight 



Then the photosensitive resin layor was exposed to light through a photo mask for a black matrix 
(negative pattern, line width: 20 urn). In the exposure, an ultra-high-pressure mercury lamp (2 kw) was used 
as a light source, and irradiation with the light was carried out for 30 seconds. 

Subsequently, the transparent substrate was immersed in a nickel plating solution of a normal 
temperature containing a boron type reductant (Top Chemialloy B-1. available from Okuno Seiyaku K.K.) for 
10 seconds, and then further immersed in a nickel plating solution of a normal temperature containing a 
hypophosphorous acid type reductant (Tsp55 Nickel, available from Okuno Seiyaku K.K.. A/C = 1/2) for 60 
seconds to deposit nickel particles in the exposed portion, whereby a light-shielding layer was formed. The 
transparent substrate was washed with water and dried. ^ 

Further, the photosensitive resin layer was developed using warm water of 60-C to remove the 
unexposed portion of the photosensitive resin layer and remain only the light-shielding layer. Thus, a black 

matrix substrate was obtained. o n o 

In the black matrix substrate, the black matrix had an optical density (OD) of not less than 3.0 and a 
reflectance of not more than 5% at a wavelength of 545 nm. Further, the resolution of the black matrix (line 
and space) was 4 urn and the diameters of the nickel particles were in the range of 0.01 to 0.02 um. 



30 



35 



40 



EXAMPLE 4 

A 7059 glass (available from Corning Corporation, thickness: 1.1 mm) was used as a transparent 
substrate On the pre-determined areas were formed a gate electrode and a pixel electrode using aluminuni. 
(A1) Then a SiN^ layer as a gate insulating layer was formed so that the gate electrode was covered, and 
an amorphous silicon (a-Si) layer was formed on the gate electrode by way of the SiN^ layer. Further, an A1 . 
source electrode is formed to be connected with one end of the a-Si layer, and an A1 drain electrode is 
formed to be connected with the other end of the a-Si layer and with the pixel electrode. 

Subsequently, a photosensitive resin having the following composition was applied onto the transparent 
substrate by means of spin coating (rotation speed: 1.000 r.p.m.). and the photosensitive resin was dried at 
70 • C for 5 minutes to form a photosensitive resin layer (thickness: 1 .5 um). 

(Composition of the photosensitive resin) 



45 
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• A 10 % aqueous solution of polyvinyl alcohol (Gosenal 
T-330. available from Nippon Gosei Kagaku K.K.) 

• A 20 % aqueous solution of diazo resin (D-01 1 , 
available from Shinko Giken K.K.) 

• Water 



20 parts by weight 
0.8 part by weight 
15 parts by weight 



Then the photosensitive resin layer was exposed to light through a photo mask for a light-shielding 
layer In "the exposure, an ultra-high-pressure mercury lamp (2 kw) was used as a light source, and 
irradiation with the light was carried out for 10 seconds. Thereafter, the photosensitive resin layer was 
subjected to spray development using water of a normal temperature and then subjected to air drying, to 
form a relief for a light-shielding layer having a line width of 1.0 um on the pre-determined area including 
the a-Si layer, the source electrode and the drain electrode. 

Subsequently, the transparent substrate was immersed in an aqueous solution of palladium chlonde 
(Red Sumer, available from Nippon Kanigen K.K.) for 10 seconds, then washed with water and hydro- 
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extracted. The transparent substrate was then subjected to a heat treatment at 150 *C for 15 minutes to 
make the above relief a catalyst-containing relief. 

The transparent substrate was then immersed in a nickel plating solution of 30 'C containing a boron 
type reductant (Top Chemialloy B-1. nickel plating solution available from Okuno Seiyaku K.K.) for 3 
minutes, then washed with water and dried to form a light-shielding layer. 

The light-shielding layer was measured on an optical density OD and a reflectance R at a wavelength of 
545 nm. As a result, the optical density OD was not less than 3.0 and the reflectance R was not more than 
5 %. 

Further, a dilute solution of polyimide resin was applied onto the transparent substrate and dried to form 
an orientation layer (thickness: 0.05 um). Thus, a TFT substrate was obtained. 

Separately, a 7059 glass (available from Corning Corporation, thickness: 1.1 mm) was used as a 
transparent substrate, and colored layers of R. G and B were formed on the transparent substrate 
correspondingly to the above pixel electrodes in accordance with a known dyeing method. 

Onto the colored layers, a dilute solution of acrylic resin was applied, and the solution was dried to form 
a hoal-ro8lstant ovorcoot. Further, a transparent ©loctrode (ITO) was formed on the overcoat In accordance 
with a conventional manner. Then, a dilute solution of polyimide resin was applied onto the transparent 
electrode and dried to form an orientation layer (thickness: 0.05 um). Thus, a color filter was obtained. 

Using the TFT substrate and the color filter obtained as above, a color liquid crystal display panel of 
active matrix system was prepared. In this color liquid crystal display panel, the semiconductor device on 
the TFT substrate was effectively protected by the light-shielding layer, and the panel showed high 
brightness and high contrast because of its high aperture ratio. 

EXAMPLE 5 

On the pre-determined areas of a transparent substrate were formed a gate electrode, a pixel electrode, 
a gate insulating layer of a SiNx layer, an amorphous silicon (a-Si) layer, an AI source electrode and an Al 
drain electrode in the same manner as described in Experiment Example 4. Then, on the transparent 
substrate was formed a photosensitive resin layer In the same manner as described in Experiment Example 
4, and the photosensitive resin layer was exposed to light and developed. Thereafter, the transparent 
substrate was subjected to a heat treatment at 100 -C for 30 minutes to form a relief for a light-shielding 
layer having a line width of 1.0 um on the pre-determined area including the a-Si layer, the source 
electrode and the drain electrode. 

Subsequently, the transparent substrate was immersed in an aqueous solution of palladium chloride 
(Red Sumer. available from Nippon Kanigen K.K.) for 10 seconds, then washed with water and hydro- 
extracted to make the above relief a catalyst-containing relief. 

The transparent substrate was then immersed in a nickel plating solution of 30 • C containing a boron 
type reductant (Top Chemialloy 8-1. nickel plating solution available from Okuno Seiyaku K.K.) for 3 
minutes, washed with water and dried to form a light-shielding layer. The transparent substrate was then 
subjected to a heat treatment at 200 • C for 1 hour. 

The light-shielding layer was measured on an optical density OD and a reflectance R at a wavelength of 
545 nm. As a result, the optical density OD was not less than 3.0 and the reflectance R was not more than 
5 %. 

Further, a dilute solution of polyimide resin was applied onto the transparent substrate and dried to form 
an orientation layer (thickness: 0.05 um). Thus, a TFT substrate was obtained. 

Using the TFT substrate obtained as above and the color filter obtained In Experiment Example 4, a 
color liquid crystal display panel of active matrix system was prepared in the same manner as described in 
Experiment Example 4. In this color liquid crystal display panel, the semiconductor device on the TFT 
substrate was effectively protected by the light-shielding layer, and the panel showed high brightness and 
high contrast because of its high aperture ratio. 

EXAMPLE 6 

The procedure for preparing the TFT substrate in Experiment Example 4 was repeated except for the 
light-shielding layer was formed by the process described below. That is. a photosensitive resin having the 
following composition was applied onto the transparent substrate on which a light-shielding layer would be 
provided by means of spin coating (rotation speed: 1 .000 r.p.m.), and the photosensitive resin was dried at 
70 'C for 5 minutes to form a photosensitive resin layer (thickness: 1.5 um). 
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(Composition of the photosensitive resin) 
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• A 10 % aqueous solution of polyvinyl alcohol (Gosenal 
T-330, available from Nippon Gosei Kagaku K.K.) 

• A 20 % aqueous solution of diazo resin (D-01 1 . 
available from Shinko Giken K.K.) 

• An aqueous solution of palladium chloride (Red 
Sumer, available from Nippon Kanigen K.K.) 



20 parts by weight 
0.8 part by weight 
15 parts by weight 



Then, the photosensitive resin layer was exposed to light through a photo mask for a light-shielding 
layer under the same conditions as those in Experiment Example 3: Thereafter, the photosensitive resin 
layer was subjected to spray development using water of a normal temperature, and subjected to air drying 
to form a catalyst-containing relief for a light-shielding layer having a line width of 1 .0 um. 

Subsequently, the transparent substrate was immersed in a nickel plating solution of 30 -C containing a 
boron type reductant (Top Chemialloy B-1, nickel plating solution available from Okuno Seiyaku K.K.) for 20 
seconds, and further immersed in a nickel plating solution of 30 -C containing a hypophosphorous acid 
type reductant (Tsp55 Nickel, nickel plating solution available from Okuno Seiyaku K.K.. A/C - 1/2) for 2 
minutes, then washed with water and dried to form a light-shielding layer. The transparent substrate was 
then subjected to a heat treatment at 200 for 1 hour. 

The light-shielding layer was measured on an optical density OD and a reflectance R at a wavelength of 
545 nm. As a result, the optical density OD was not less than 3.0 and the reflectance R was not more than 

5 %. I A 

Using the TFT substrate obtained as above and the color filter obtained in Experiment Example 4. a 
color liquid crystal display panel of active matrix system was prepared in the same manner as described in 
Experiment Example 4. In this color liquid crystal display panel, the semiconductor device on the TFT 
substrate was effectively protected by the light-shielding layer, and the panel showed high brightness and 
high contrast because of its high aperture ratio. 

EXAMPLE 7 

On the pre-determined areas of a transparent substrate were formed a gate electrode, a pixel electrode, 
a gate insulating layer of a SiNx layer, an amorphous silicon (a-Si) layer, an Al source electrode and an Al 
drain electrode in the same manner as described in Experiment Example 4. Then, on the pre-determined 
area including the a-Si layer, the source electrode and the drain electrode was formed a SiNx layer as an 
insulating layer. On the insulating layer was then formed a light-shielding layer in the same manner as 
described in Experiment Example 4. 

Subsequently, using the TFT substrate obtained as above and the color filter obtained in Experiment 
Example 4. a color liquid crystal display panel of active matrix system was prepared in the same manner as 
described in Experiment Example 4. In this color liquid crystal display panel, the semiconductor device on 
the TFT substrate was effectively protected by the light-shielding layer, and the panel showed high 
brightness and high contrast because of its high aperture ratio. 

The black matrix substrate of the present invention can be used for a flat display such as a liquid 
crystal display panel, an imager such as CCD. or a colour filter such as a colour sensor. The liquid crystal 
display panel of the present invention can be used as a flat display of high precision and high contrast. 

Claims 

50 1. A black matrix substrate comprising a transparent substrate and a light-shielding layer containing 
metallic particles inside thereof which is provided on the transparent substrate. 

2. A black matrix substrate as claimed in Claim 1. wherein the light-shielding layer contains a hydrophilic 
resin. 



55 



3, A black matrix substrate as claimed in Claim 1 or Claim 2. wherein the light-shielding layer has a 
thickness in the range 0.1 to 5 um. preferably in the range 0.1 to 2um. 
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4. A black matrix substrate as claimed In any one of Claims 1 to 3, wherein the light-shielding layer has a 
reflectance of not more than 30%. 

5- A black matrix substrate as claimed in any preceding claim, wherein the light-shielding layer has an 
optical density of not less than 1 .5. 

6, A black matrix substrate as claimed in any preceding claim, wherein the metallic particles contained in 
the light-shielding layer have particle diameters of not more than 0.05 um. 

7. A liquid crystal display panel comprising substrates facing each other and a liquid crystal sealed 
between the substrates, at least one of said substrates being provided with a semiconductor device 
having a light-shielding layer containing metallic particles inside thereof. 

& A liquid crystal display panel as claimed in Claim 7, wherein the light-shielding layer is provided on the 
semiconductor device by the medium of an insulating layer. 

9. A liquid crystal display panel as claimed in Claim 7 or Claim 8. wherein the light-shielding layer has a 
thickness in the range 0.1 to 5 um, preferably in the range 0.1 to 2 um. 

10. A liquid crystal display panel as claimed in any one of Claims 7. 8 or 9. wherein the light-shielding 
layer has a reflectance of not more than 30%. 

11- A liquid crystal display panel as claimed in any one of Claims 7 to 10. wherein the light-shielding layer 
has an optical density of not less than 1 .5. 

12. A liquid crystal display panel as claimed in any one of Claims 7 to 11. wherein the metallic particles 
contained in the light-shielding layer have particle diameters of not more than 0.05 um. 

13. A process for preparing a black matrix substrate comprising the steps of exposing to light a 
photosensitive resin layer containing a hydrophilic resin, said photosensitive resin layer being formed 
on a transparent substrate, through a photo mask having a pattern for a black matrix, developing the 
photosensitive resin layer to form a relief on the transparent substrate, immersing the transparent 
substrate in an aqueous solution of a metallic compound serving as a catalyst for electroless plating, 
washing with water and drying the transparent substrate, and then bringing the relief on the transparent 
substrate into contact with an electroless plating solution to form a light-shielding layer having a pattern 
for a black matrix. 

14. A process for preparing a black matrix substrate comprising the steps of exposing to light a 
photosensitive resin layer containing a hydrophilic resin and a metallic compound serving as a catalyst 
for electroless plating, said photosensitive resin layer being formed on a transparent substrate, through 
a photo mask having a pattern for a black matrix, developing the photosensitive resin layer, washing 
with water and drying the transparent substrate to form a relief on the transparent substrate, and then 
bringing the relief on the transparent substrate into contact with an electroless plating solution to form a 
light-shielding layer having a pattern for a black matrix. 

15. A process for preparing a black matrix substrate comprising the steps of forming on a transparent 
substrate a photosensitive resin layer containing a compound having at least one of a diazo group and 
an azido group, a metallic compound serving as a catalyst for electroless plating and a hydrophilic 
resin, exposing the resist layer to light through a photo mask having a pattern for a black matrix, and 
bringing the resist layer into contact with an electroless plating solution to form a light-shielding layer 
having a pattern for a black matrix. 

16. A process for preparing a black matrix substrate as claimed in Claim 15. said process further 
comprising developing an unexposed portion of the photosensitive resin layer to remove said portion 
after the formation of the light-shielding layer. 

17. A process for preparing a liquid crystal display panel comprising substrates facing each other and a 
liquid crystal sealed between the substrates, at least one of said substrates being provided with a 
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semiconductor device, which comprises the steps of forming a photosensitive resin layer containing a 
hydrophilic resin on a semiconductor device side of the substrate provided with the semiconductor 
device, exposing to light the photosensitive resin layer through a photo mask having a pattern for a 
black matrix, developing the photosensitive resin layer to form a relief on the semiconductor device. 
5 immersing the substrate in an aqueous solution of a metallic compound serving as a catalyst for 
electroless plating, washing with water and drying the substrate, and then bringing the relief into contact 
with an electroless plating solution to form a light-shielding layer having a pattern for a black matrix on 
the semiconductor device. 

10 18. A process for preparing a liquid crystal display panel comprising substrates facing each other and a 
liquid crystal sealed between the substrates, at least one of said substrates being provided with a 
semiconductor device, which comprises the steps of fomning a photosensitive resin layer containing a 
hydrophilic resin and a metallic compound serving as a catalyst for electroless plating on a semicon- 
ductor device side of the substrate provided with the semiconductor device, exposing to light the 

15 photosensitive resin layer through a photo mask having a pattern for a black matrix, developing the 
photosensitive resin layer, washing with water and drying the substrate to form a relief on the 
semiconductor device, and then bringing the relief into contact with an electroless plating solution to 
form a light-shielding layer having a pattern for a black matrix on the semiconductor device. 

19. A process as claimed in any one of Claims 13. 14, 15. 17 or 18. wherein the electroless plating solution 
is a plating solution containing nickel ion. 

20. A process as claimed in any one of Claims 13. 14. 15. 17. 18 or 19, wherein the electroless plating 
solution is a nickel plating solution containing a boron hydride compound reductant. 

21. A process as claimed in Claim 20. wherein the boron hydride compound reductant is dimethylamine 
borane. 

22. An imaging device, colour filter or colour sensing device including a black matrix substrate as defined 
30 in any one of Claims 1 to 6. 
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(54) A surface discharge plasma display panel and a manufacturing method therefor 



(57) A surface discharge type plasma display panel 
(PDF) includes a pair of front and rear substrates (11. 
21 ) with a discharge space (30) therebetween and a plu- 
rality of pair display electrodes on internal surface of ei- 
ther the front or rear substrate. The display electrodes 



extend along each display line L. The POP further in- 
cludes a light shielding film (45), extending in bands 
along the display line direction, formed on either internal 
or outer surfaces of the front substrate (11) to overlay 
each area S2 between the adjacent display lines L and 
extending between the display electrodes X and Y 



FIG. 2 
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Description 

The present invention relates to a surface discharge 
plasma display panel (hereinafter referred to as a sur- 
face discharge PDP) having a matrix display form, and 
a method for manufacturing such a plasma display pan- 
el. 

The surface discharge PDPs are PDPs wherein 
paired display electrodes defining a primary discharge 
cell are located adjacent to each other on a single sub- 
strate. Since such PDPs can sen/e adequately as color 
displays by using phosphors thoy arc widely used as 
thin picture display devices for television. And since, in 
addition, PDPs are the displays that are the most lil^ely 
to be used as large screen display devices for high-vi- 
sion pictures, there is, under these circumstances, a de- 
mand tor PDPs for which the quality of their displays has 
been improved by increasing resolution and screen 
size, and by enhancing contrast. 

Fig. 1 4 is a cross sectional view of the internal struc- 
ture of a conventional PDP 90. A PDP 90 is a surface 
discharge PDP having a three-electrode structure and 
a matrix display form, and is categorized as a reflection 
PDP according to the form of its phosphors arrange- 
ments. 

On the front of a PDP 90, on an internal surface of 
a glass substrate 11 , paired display electrodes X and Y 
are positioned parallel to each other and arranged for 
each line of a matrix display so that they cause a surface 
discharge along the surface of the glass substrate 11 . A 
dielectric layer 1 7. for AC driving, is fomned to cover the 
paired display electrodes X and Y and separate them 
from a discharge space 30. A protective film 1 8 is formed 
on the surface of the dielectric layer 17 by evaporation. 
The dielectric layer 17 and the protective flm 18 are 
transparent. 

Each of the display electrodes X and Y comprises 
a wide, linear transparent electrode 41 , formed of an ITO 
thin film, and a narrow, linear bus electrode 42, formed 
of a thin metal film (Cr/Cu/Cr). The bus electrode 42 is 
an auxiliary electrode used to acquire an appropriate 
conductivity, and is located at the edge of the transpar- 
ent electrode 41 , away from the plane discharge gap. 
With such an electrode structure, the blocking of display 
light can be reduced to the minimum, while the surface 
discharge area can be expanded to increase the light 
emission efficiency. 

At the rear, an address electrode A is provided on 
the intemal surface of a glass substrate 21 so that it in- 
tersects at a right angle the paired display electrodes X 
and Y. A phosphors layer 28 is formed on and covers 
the glass substrate 21 , including the upper portion of the 
address electrode A. A counter discharge between the 
address electrode A and the display electrode Y controls 
a condition wherein wall charges are accumulated in the 
dielectric layer 1 7. When the phosphors layer 28 is par- 
tially excited by an ultraviolet ray UV that occurs as a 
result of a surface discharge, it produces visible light 



emissions having predetermined colors. The visible light 
emissions that are transmitted through the glass sub- 
strate 11 constitute the display light. 

A gap SI between paired display electrodes X and 

5 Y arranged in a line is called a "discharge slit," and the 
width w1 of the discharge slit SI (the width in the direc- 
tion in which the paired display electrodes X and Y are 
arranged opposite each other) is so selected that a sur- 
face discharge occurs with a drive voltage of 1 00 to 200 

10 V applied to the display electrodes. A gap S2 between 
a lino of paired oloctrodos X and Y and an adjacent line 
is called a "rovorso silt," and has a width w2 greater than 
the width w1 of the discharge slit SI , that is sufficient to 
prevent a discharge between the display electrodes X 

IS and Y that are arranged on opposite sides of the reverse 
slit S2. Since paired display electrodes X and Y are ar- 
ranged in a line with a discharge slit SI between them, 
and a line is separated from another line by reverse slits 
32, each of the lines can be rendered luminous selec- 

20 lively. Therefore, portions of the display screen that cor- 
respond to the reverse slits 82 are non-luminous areas 
or non-display areas, and the portions that correspond 
to the display slits S1 are luminous areas or display ar- 
eas. 

25 From the front of a conventional panel structure, a 
phosphors layer 28 in the non-luminescent state is vis- 
ible through the reverse slits S2. And the phosphors lay- 
er 28 in the non -luminescent state has a white or light 
gray color. Therefore, when a conventional display pan- 
30 el is used in an especially bright place, external light is 
scattered at the phosphors layer 28 and the non-lumi- 
nescent areas between lines has a whitish color, which 
results in the deterioration of the contrast of the display 
As a method for increasing the contrast for a color 
35 display PDP, proposed are a method for providing a 
color filter by coating the outer surface of the substrate 
11 on the front with a translucent paint that corresponds 
to the luminous color of a phosphors; a method for ar- 
ranging on the front face of a PDP a filter that is fabri- 
40 cated separately; and a method for coloring a dielectric 
layer 17 with colors R, G and B. 

It is, however, very difficult to apply coats of individ- 
ually colored paints at locations corresponding to minute 
pixels. In case of the separate filter on the front, a gap 
45 between the PDP and the filter causes distortion in dis- 
play images. And in case of the coloring of the dielectric 
layer 1 7, since the tints of coloring agents (pigments) 
differ, uniformity of permittivity is deteriorated by color- 
ing, and a discharge characteristic is rendered unstable. 
50 In addition, positioning is also difficult when coloring a 
dielectric layer, just as the coating of colored paints . 

Embodiments of the present invention are thus in- 
tended to increase display contrast while rendering un- 
noticeable non-luminous areas between lines. 
55 Embodiments may further provide an optimal struc- 
ture for forming a light shielding film including black pig- 
ment in non-luminous areas between display lines, and 
a manufacturing method therefor. 
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According to a first aspect of the present invention, 
there is provided a surface discharge plasma display 
panel, wherein paired display electrodes extending 
along display lines are arranged for each display line on 
the internal surface of a substrate at the front or in the 
rear, and wherein a light shielding film, having a belt 
shape extending along the display line direction, is 
formed on the internal surface or the outer surface of 
/ the front substrate, so as to overlap each area sand- 

wiched between the adjacent display electrodes. 

The area corresponding to a gap (hereinafter re- 
ferred to as a "reverse slit") between the display elec- 
trodes in adjacent lines on a display screen is a non- 
luminous area. The light shielding film is arranged to cor- 
respond with each non-luminous area. Since the plane 
pattern of the individual shielding films is formed in a 
belt shape, a striped shielding pattern is formed for the 
entire display screen. The shielding film blocks visible 
lights that may be transmitted through the reverse slits. 
Therefore, the occurrence of a phenomenon where non- 
luminous areas appear bright due to the external light 
and a leaking light from display lines may be prevented 
so that the display contrast is increased. 

According to a second aspect of the present inven- 
tion, there is provided a Surface discharge plasma dis- 
play panel, wherein paired display electrodes are 
formed for each display line on an internal surface of a 
front substrate extending along the display lines, and 
phosphor is deposited on the internal surface of a rear 
substrate, and wherein a light-shielding film having a 
darker color than the phosphors with non-luminous con- 
dition and having a belt shape extending the display line 
direction is formed on the intemal surface or on the outer 
surface of the front substrate, so as to overlap each area 
sandwiched between the adjacent display electrodes. 

When viewing the display screen from the front, the 
phosphors layer is hidden by the shielding film in the 
non -luminous areas that correspond to the reverse slits. 

According to a third aspect of the present invention, 
there is provided a plasma display panel wherein display 
electrodes are covered and separated from a discharge 
space by a dielectric layer, and a light shielding film is 
located between the front substrate and the dielectric 
layer. 

Accordingto a fourth aspect of the present invention 
there is provided a plasma display panel wherein each 
display electrode comprises a transparent electrode 
and a metal electrode, which is narrower than the trans- 
parent electrode and which overlaps the edge of the 
transparent electrode at a location close to the non-lu- 
minous area, and wherein a light shielding film is located 
at the front of the display electrode in the subslrade fac- 
ing direction so as to overlap tho metal oloctrodos on 
both sides of the non-luminous area. 

Since the shielding film is also provided on the front 
of the metal electrode, the deterioration of display qual- 
ity due to the reflection of external light from the surfaces 
of metal electrodes can be reduced, perhaps significant- 



ly. 

According to a fifth aspect of the present invention 
there is provided a method of manufacturing a plasma 
display panel wherein the display electrodes and the 
5 light shielding film are formed on the front substrate, a 
coating of dielectric material is applied to form the die- 
lectric layer, and the resultant structure is annealed. This 
coating and annealing process is performed twice. The 
thickness of the first coating is selected to be smaller 
10 than the second coating. 

Since the thickness of the first dielectric coating 
subject to the first annealing is thin, a floating and mov- 
ing of the shielding film through the softening of the di- 
electric material during the first annealing can be mini- 
ms mized so that an unnecessary extending of the shielding 
film toward the display electrodes to cover them can be 
avoided. 

According to a sixth aspect of the present invention 
there is provided a method of manufacturing a plasma 

20 display panel wherein the display electrodes and the 
light shielding film are formed on the front substrate, a 
coating of dielectric material is applied to form the die- 
lectric layer, and the resuultant structure is annealed. 
This coating and annealing process is performed twice. 

25 The first annealing temperature is set so that it is lower 
than the temperature at which the dielectric material is 
softened. 

By setting the annealing temperature lower than the 
softening temperature, the unwanted expansion of the 
30 shielding film to cover the display electrodes can be pre- 
vented. 

Further, according to the present invention, the 
above method for manufacturing a plasma display panel 
comprises the steps of: 

35 

depositing a light shielding material on a front sub- 
strate and performing patterning to form a light 
shielding film; 

forming a transparent conductive film on the front 
40 substrate on which the light shielding film is formed, 
and performing patterning to provide a transparent 
electrode that partially overlaps the light shielding 
film; 

painting a photosensitive material, which is insolu- 
45 bilized by exposure to light, to cover the light shield- 
ing film and the transparent electrode, exposing the 
photosensitive material as a whole from the reverse 
face off the front substrate and developing the pho- 
tosensitive material to form a resist layer between 
50 the light shielding films; and 

selectively forming a metal electrode on the ex- 
posed portion of the transparent electrode by plat- 
ing it with a metal film. By using this method, self- 
alignment of the light shielding film and the metal 
55 electrode is performed. 

In addition, according to a seventh aspect of the 
present invention there is provided a plasma display 
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panel, having a pair of substrates facing each other with 
a discharge space therebetween, wherein paired dis- 
play electrodes, extending along display lines are 
formed for each display line on an internal surface of 
one of the pair substrates so that a discharge is per- 
formed between the paired display electrodes; and 
wherein a light shielding film having a stripe shape and 
extending along display lines is formed in an area be- 
tween the display lines and sandwiched between the 
pair diplay electrodes on the internal surface of one of 
the substrates, so that the light shielding film is separat- 
ed from the display electrodes. 

According to a further embodiment, the light Shield- 
ing film is formed so as to partially overlap over the dis- 
play electrodes. 

With an arrangement wherein the display elec- 
trodes are formed first and thereafter the light shielding 
film is formed, the manufacture of display electrodes us- 
ing a high vacuum process, such as sputtering, is more 
easily performed. 

As a method for manufacturing the device of the 
above arrangement, there is provided a method for 
manufacturing a plasma display panel having a pair of 
substrates facing each other with a discharge space 
therebetween, comprising the steps of: 

forming a plurality of pair display electrodes on one 
of the pair substrates to form display lines therebe- 
tween; 

forming a film containing a dark pigment on the dis- 
play electrodes on the substrate, and performing 
patterning of the film so that a stripe shaped tight 
shielding film, extending along the display lines, is 
provided in an area between the display lines and 
sandwiched between the pair display electrodes; 
and 

forming a dielectric paste film on the display elec- 
trodes and the light shielding film, and annealing the 
resultant structure at a predetermined temperature. 

In all cases the contrast of the display under bright 
external conditions is increased by having a light shield- 
ing film extending in bands in betwen the display lines 
within the structure of the plasma display panel. 

Fig. 1 Is a perspective view illustrating the basic 
structure of a PDP relating to the present invention; 
Fig. 2 is a cross sectional view of Ihe essential por- 
tion of the PDP according to the first embodiment; 
Fig. 3 is a plan view of a light shielding film; 
Figs, 4A through 4F are diagrams illustrating a 
method for fabricating the front portion of the PDP; 
Fig. 5 is a cross sectional view of the essential por- 
tion of a PDP according to a second embodiment 
of the present invention; 

Fig. 6 is a cross sectional view of the essential por- 
tion of a PDP according to a third embodiment of 
the present invention; 



Fig. 7 is a cross sectional view of the essential por- 
tion of a PDP according to a fourth embodiment of 
the present invention; 

Fig. 8 is a cross sectional view of the essential por- 
5 lion of a PDP according to a fifth embodiment of the 
present invention; 

Figs. 9A through 9E are cross sectional views for 
explaining a method for manufacturing the PDPs of 
the second, the fourth and the fifth embodiments of 
10 the present invention; 

Figs, 1 0A through 1 0C are cross sectional views for 
explaining a method for manufacturing the PDPs of 
the second, the fourth and the fifth embodiments of 
the present invention; 
^5 Fig. 1 1 is a plan view of a PDP wherein a light shield- 
ing film is also formed in a periphery of a display 
area of the panel; 

Fig. 12 is a cross sectional view of a portion taken 
along the line XX-YY in Fig. 11; 
Fig. 1 3 is a cross sectional view of a modification of 
the PDP; and 

Fig. 1 4 is a cross sectbnal view of the essential por- 
tion of the internal structure of a conventional PDP. 

Fig. 1 is a perspective view illustrating the basic 
structure of a PDP 1 according to the present invention. 
The same reference numerals as used in Fig. 14 are 
also used in Fig. 1 to denote corresponding or identical 
components, regardless of differences in shapes and 
materials. The same can be applied for the following 
drawings. 

The PDP 1 , as well as the conventional PDP 90, is 
a surface discharge PDP having a three-electrode struc- 
ture with a matrix display form, that is called a reflection 
type. The extemal appearance is derived from paired 
glass substrates 11 and 21, which face each other with 
an inten/ening discharge space 30 therebetween. The 
glass substrates 11 and 21 are bonded by a seal frame 
layer (not shown) of a glass having a low-melting point 
that is fomned along the edges of the facing substrate. 

A pair of linear display electrodes X and Y in parallel 
are arranged for each line L of a matrix display on the 
internal surface of the front glass substrate 11. for the 
generation of a surface discharge along the substrate 
surface. The line pitch is, for example. 660 ^m. 

Each of the display electrodes X and Y comprises 
a wide, linear transparent electrode 41 formed of ITO 
thin film and a narrow, linear bus electrode 42 formed of 
metal thin film having a multi-layer structure. As specific 
example sizes, the transparent electrode 41 is 0.1 \xm 
thick and 1 60 |im wide, while the bus electrode 42 is 1 
Jim thick and 60 ^im wide. 

The bus electrode 42 is an auxiliary electrode for 
acquiring appropriate conductivity, and is located at the 
edge of the transparent electrode 41 away from a sur- 
face discharge gap. 

For the PDP 1 , a dielectric layer for (example PbO 
low-melting-point glass layer) 17 for AC driving is 
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formed to cover the display electrodes X and Y and sep- 
arate them from the discharge space 30. A protective 
film 18 made of MgO (magnesium oxide) for example is 
deposited on the surface of the dielectric layer 17 by 
evaporation. The thickness of the dielectric layer 17 is 
about 30 |im and the thickness of the protective film 18 
ia approximately 5000 A for example. 

The internal surface of the rear glass substrate 21 
is coated with an underlayer 22 of approximately 1 0 ^im. 
which is ZnO low-melting-point glass for example. Ad- 
dress electrodes A are arranged on the underlayer 22 
at constant pitches (for example 220 |am), so that they 
intersect the paired display electrodes X and Y at a right 
angle. The address electrode A is produced by anneal- 
ing silver paste for example, and its thickness is about 
10 |im. The underlayer 22 prevents electromigration of 
the address electrodes A. 

The condition of wall electric charge accumulation 
on the dielectric layer 17 is controlled by a discharge 
between the address electrodes A and the display elec- 
trodes Y The address electrodes are also covered with 
a dielectric layer 24 that is formed of low-melting-point 
glass with the same composition for example as that of 
the underlayer 22. The dielectric layer 24 at the upper 
portions of the address electrodes A is about 10 fim thick 
for example. 

On the dielectric layer 24, a plurality of barrier ribs 
29, which are about 150 jim high and linear in a plan 
view, are individually arranged between the address 
electrodes A. 

Then, phosphors layers 28R, 28B and 28C (here- 
inafter referred to as the "phosphors layers 28," when 
distinguishing between colors is not especially re- 
quired), for the three primary colors R (red), G (green) 
and B (blue) of a full-color display, are formed so as to 
cover the surface of the dielectric layer 24, including the 
upper portions of the address electrodes A, and the 
sides of the barrier ribs 29. These phosphors layers 28 
emit light when they are excited by the ultraviolet rays 
produced by the surface discharge. 

The discharge space 30 is defined by the barrier 
ribs 29 for the units of light emitting areas along the lines 
(along the arrangement of pixels running parallel with 
the display electrodes X and Y), and the size of a gap 
between the discharge space 30 is also defined. In the 
POP 1 , there are no barrier ribs for defining the dis- 
charge space 30 along the columns for a matrix display 
(along the arrangement direction of the paired display 
electrodes X and Y or the address lines direction). How- 
ever, since the size of a gap (the width of a reverse slit) 
for display lines L, along which the paired display elec- 
trodes X and Y are arranged, is set to from 100 to 400 
\im, sufficiently large compared with the size of a surface 
discharge gap (the width of a discharge slit) of 50 jim 
for each display line L, the interference of a discharge 
does not occur between the lines L. 

A display pixel of the PDP 1 comprises three unit 
light emitting areas (sub-pixels) adjacent each other in 



each line L. The luminous colors for all the lines L in the 
same column are the same, and the phosphors layers 
28R, 288 and 28C are so provided by screen printing 
that they are continuously arranged in each column 
5 along the address electrode. For this, screen printing 
provides excellent productivity. Compared with an ar- 
rangement wherein the phosphors is divided for each 
line U, the arrangement of the continuous phosphors lay- 
ers 28 along a column can easily provide the uniform 
10 thickness of the phosphors layers 28 for the sub-pixels. 
Fig. 2 is a cross sectional view of the essential por- 
tion of the PDP 1. and Fig. 3 is a plan view of a light 
shielding film 45. As is shown in Fig. 2, a light shielding 
film 45 for blocking (shielding) a visible light is formed 
IS for each reverse slit S2, so that the film 45 directly con- 
tacts the Internal surface of the glass substrate 11. As 
is shown in Fig. 3, the shielding films 45 are formed in 
patterns of belts or strips that extend along the display 
lines, and are located to overlap the areas sandwiched 
20 between the display electrodes X and Y of the adjacent 
lines L. The light shielding films 45 separated from each 
other constitute a striped shielding pattem for an entire 
display screen, so that the phosphors layers 28 are hid- 
den between the display lines L and the contrast for a 
2S display is increased. Since the striped pattern along the 
display line L does not shift along the display lines L , 
unlike a matrix pattem surrounding the sub-pixels or pix- 
els, it is easy to align and position the glass substrates. 
11 and 21 during the manufacturing of the PDP 1 . 
30 It is preferable that the top portions of the barrier 
ribs 29 have the same dark color as that of the light 
shielding films. A dark lattice pattem is formed by inter- 
secting the barrier ribs and the light shielding films, and 
the outline of each sub-pixel becomes clear fs/lore spe- 
3S cifically. a black color agent, such as chromium (Cr), is'^ 
mixed with the material for the barrier ribs to provide uni- 
formly dark barrier ribs. 

Figs. 4A through 4F are diagrams illustrating a 
method for manufacturing the front side portion of the 
40 PDP 1 . The PDP 1 is produced by providing predeter- 
mined components independently for the glass sub- 
strate 11 and the glass substrate 21 . and by thereafter 
bonding together the glass substrates 11 and 21 around 
their circumferences while they are positioned facing 
45 each other. 

For fabrication of the front portion, first, a dark color- 
ed insulating material is deposited on the surface of the 
glass substrate 11 by sputtering to form an insulation 
film (not shown) having a surface reflectivity lower than 
so that of the metal electrode 42. Chromium oxide (CrO) 
or silicon oxide can be used as the insulation material. 
It is desirable that the thickness of the insulation film be 
1 Jim or less in order to reduce the step difference to the 
transparent electrodes 41. Then, patterning is per- 
55 formed to the insulation film by photolithography using 
a first light exposing mask, and a plurality of the light 
shielding film stripes 45 described above are produced 
at one time (Fig. 4A). 
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Sequentially, an ITO film is deposited on the glass 
substrate 11. whereon the light shielding films 45 are 
formed, and patterning of the ITO film Is performed by 
photolithography using a second light exposing mask. 
Transparent electrodes 41 are thus formed so that they s 
partially overlap the light shielding films 45 (Fig. 4B). 

A negative photosensitive material 61, which is ir- 
reversibly solidified by exposure to ultraviolet rays, is 
coated on the resultant structure so that it covers the 
light shielding films 45 and the transparent electrodes io 
41. The photosensitive material is fully exposed to the 
light from the reverse side of the glass substrate 11 (Fig. 
4C). Then, the photosensitive material 61 is developed 
and forms a resist layer 62 which covers only an area 
between the light shielding films 45 (Fig. 4D). is 

Following this, the metal electrodes 42, having a 
multiple layer structure of, for example, nicket/copper/ 
nickel, are formed on the exposed portbns of the trans- 
parent electrodes 41 by selective plating (Fig. 4E). 

The resist layer 62 is removed, and the dielectric 20 
layer 1 7 and the protective film 1 8 are deposited in order. 
The front portion of the PDP 1 is thus produced (Fig. 4F). 

In the above described process, the number of re- 
quired light exposing masks is two (Figs. 4A and 4B), 
the same as is required by the fabrication process for 2S 
the conventional PDP 90, and the number of alignment 
procedures for the exposing masks is one, also the 
same as in the conventional process. In other words, 
according to the fabrication method in Fig. 4, the light 
shielding films 45 can be formed without deterioration 30 
of a yield due to a shift in alignment. 

Fig. 5 is a cross sectional view of the essential por- 
tion of a PDP 2 according to a second embodiment of 
the present invention, i.e., showing the front portion of 
a discharge space. In the PDP 2, light shielding films 46 3S 
having the same width as the reverse slit S2 are provid- 
ed on the internal surface of a front glass substrate 11 . 
As well as the light shielding films 45 in Fig. 3, the light 
shielding films 46 are extended in a belt shape along the 
display line in a plan view, and constitute a striped light 40 
shielding pattern. 

For fabrication of the PDP 2, paired display elec- 
trodes X and Y are formed on the glass substrate 11. 
And a black pigment, such as iron oxide or cobalt oxide, 
that has a heat resistance of 600" C or higher is printed 45 
on the reverse slit area S2 to form the light shielding 
films 46. Low-mefting-point glass is coated and an- 
nealed at 500 to eoO^'C to produce the dielectric layer 
17. 

it is preferable that the thickness of the light shield- so 
ing films 46 be less than the thickness of the individual 
display electrodes so as to acquire the fiat surface of the 
dielectric layer 17. Further, it is desirable that the dielec- 
tric layer 17 be formed in two layers, and that annealing 
be performed for each layer. More specifically, a com- ^ 
paratively thin coat of lownnetttng-point glass paste is 
applied to the substrate and the glass paste is annealed 
to form a lower dielectric layer 1 7a. Then, another coat 



of the low-mefting-point glass paste is applied to acquire 
a dielectric layer 1 7 having the required thickness, and 
the glass paste is annealed to produce an upper dielec- 
tric layer 17b. Since the lower dielectric layer 17a, which 
contacts the light shielding layers 46, is formed thin, the 
migration of a black pigment caused through the soften- 
ing of the tow-melting-point glass during the annealing, 
can be reduced, and the reduction in luminance due to 
the unwanted expansion of the light shielding films 46 
can be prevented. When the thickness of the lower die- 
lectric layer 17a is so set that it is one tenth of or less 
than the width of the light shielding films 46, the migra- 
tion of the pigment does not substantially appear. 

It should be noted that the unwanted expansion of 
the light shielding films 46 can also be prevented by set- 
ting the temperature for annealing the lower dielectric 
layer 1 7a to a temperature that is lower than that for sof- 
tening the low-melting-point glass. In this case, the low- 
er dielectric layer 17a and the upper dielectric layer 17b 
can be formed with the same thickness, or the upper 
dielectric layer 1 7b can be formed thinner than the lower 
dielectric layer 17a. 

Fig. 6 is a cross sectional view of the essential por- 
tion of a PDP 3 according to a third embodiment of the 
present invention, and shows the structure of the front 
side portion of the diechargo space. In the PDP 3, a light 
shielding film 47 is provided for each reverse slit S2 In 
an intermediate portion in the direction of the thickness 
of a dielectric layer 17. The light shielding film 47, as 
well as the light shielding films 45 in Fig. 3. are extended 
in a belt shape along the display line in a plan view, and 
constitute a striped light shielding pattern. 

A width w47 of the light shielding film 47 is greater 
than a width w2 of the reverse slit S2, and is smaller 
than the interval w22 between the edges, which are 
closer to the discharge slit SI, of the metal electrodes 
42 sandwiching the reverse slit S2. In other words, the 
plane size of the light shield film 47 is so selected that 
it partially overlaps the metal electrodes 42. With this 
structure, the light shielding film 47 can be easily posi- 
tioned so that it fully overlaps the reverse slit S2 and 
does not overlap the light transmitting portion 41 in the 
display line. It is also important that the light shielding 
film 47 is apart from the electrodes 41 ,42. 

Fig. 7 is a cross sectional view of the essential por- 
tions of a PDP 4 according to a fourth embodiment of 
the present invention. The light shielding films 45 shown 
in Fig. 2 are formed between the Xand Y electrodes 41 
and 42 and the front glass substrate 10. In the PDP 4 
shown in Fig. 7, light shielding films 49 are formed inside 
the reverse slit S2 areas between the X and Y electrodes 
41 and 42 so that they partially overlap the X and Y elec- 
trodes 41 and 42. Thie etmcture is similar to that in Fig. 
2 because the light ehietdlng films 49 are so formed that 
they completely hide the reverse slit 82 areas between 
the display lines L. However, the manufacturing process 
for this structure differs from that in Fig. 2 in that the light 
shielding films 49 containing a black pigment are formed 
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after the X and Y electrodes 41 and 42 are provided. 
This manufacturing process will be described later in de- 
tail. 

In the structure of the PDP 4 shown in Fig. 7, It is 
important for the light shielding films 49 to overlap the 
electrodes X and Y up to around the middle portions of 
the bus electrodes 42, which constitute a three-layer 
structure of Cr/Cu/Cr. In other words, while the bus elec- 
trodes 42 provide a higher conductivity tor a highly re- 
sistant material for the transparent electrodes 41, the 
electrodes 42 themselves possess light shielding prop- 
erty. When the light shielding films 49 are so formed that 
they overlap the bus electrodes 42, the portions, except 
for the display line areas L, are completely shielded. 

Fig. 8 is a cross sectional view of the essential por- 
tion of a PDP 5 according to a fifth embodiment of the 
present invention. In the PDP 5, light shielding films 48 
are formed between X and Y electrodes 41 and 42 at a 
certain interval and without making contact with them. 
When the distance of the non-display areas between the 
X and Y electrodes 41 and 42 is 500 ^im (using as an 
example a 42-inch PDP), the light shielding film 48 is 
formed at an interval of about 20 p.m from the electrodes 
41 and 42. This structure is preferable from the view of 
the manufacturing process for it. even though the gap 
between the display line areas L is not completely 
closed. More specifically, as well as with the PDP 4 in 
Fig. 7, the light shielding films 48 can be formed after 
the X and Y electrodes 41 and 42 are provided. Moreo- 
ver, the annealing of the light shielding films 48 can be 
performed In conjunction with the annealing process for 
the dielectric layer 17. made of a low-melting-point 
glass, that is formed on them. Since the light shielding 
films 48 do not contact the electrodes 41 and 42 in the 
annealing process at a high temperature, a stable proc- 
ess can be accomplished. This will be described later in 
detail. 

In the slruclure of the PDP 5 in Fig. 8, sinco the 
width of the light shielding films 48 Is considerably small- 
er than the non-display area W22. there is sufficient 
space so that when the alignment (positioning) of the 
light shielding films 48 is performed, the films 48 can be 
easily formed not to overlap the display line areas L. 

Figs. 9A through 9E and 10A through 10C are cross 
sectional views for explaining a method for respectively 
fabricating the PDPs of the second, fourth, and fifth em- 
bodiments, shown in Figs. 5, 7 and 8. 

As is shown in Fig. 9A. after a silicon oxide film (not 
shown), for example, is formed as a passivation film on 
a glass substrate 11 , a transparent electrode layer 41 is 
formed across the entire surface by sputtering. The 
transparent electrode layer 41 is formed with a thickness 
of approximately 0. 1 ^im by using ITO. Then, in the com- 
mon lithography procedure, the transparent electrode 
layer 41 is formed in a striped pattern to provide X and 
Y electrodes 41 having a width of about 180 ^im. 

Sequentially, as is shown in Fig. 9B. a metal layer 
42 having a three-layer structure of Cr/Cu/Cr is formed 



as a bus electrode layer of about 1 jim on the entire sur- 
face by sputtering. The common lithography procedure 
is performed to pattern the metal layer 42 to approxi- 
mately 60 |im. As is previously described, the bus elec- 

5 trode 42 is so formed that it is positioned at the end of 
the side opposite to the side of the electrbde 41 faces 
each other closely. 

For the formation of the X and Y electrodes 41 and 
42. sputtering Is performed on the glass substrate 11 

10 after it is placed in a high vacuum chamber. Since a light 
shielding film containing a black pigment, etc., is not 
formed on the glass substrate 11. the sputtering under 
a high vacuum can be stably performed. 

Then, as is shown in Fig. 9C, a photoresist layer 71 

15 containing a black pigment is formed by screen printing. 
The black pigment is oxide of manganese (Mn). iron 
(Fe), or Copper (Cu), for example. Such a pigment is 
mixed in a photoresist including photosensitive material. 
For example, a pigment dispersion photoresist (product 

20 name: CFPR BK) of Tokyo Ohka Kogyo Co., Ltd. is 
used. 

Following this, as is shown in Fig. 9D, the resultant 
structure is exposed to light through a predetermined 
mask pattern, and developed. Then, baking (drying) is 
2S performed on the structure for two to five minutes in a 
dry atrrrasphere at 120**C to200**C, for example, to form 
the light shielding films 49. In the example shown in Fig. 
9D, as for the PDP 4 shown in Fig. 7, the light shielding 
films 49 is patterned to overlap the X and Y electrodes 
30 41 and 42. 

When a different mask pattern is used, the light 
shielding films 48 can be formed separately from the X 
and Y electrodes 41 and 42. as is shown in Fig. 9E. This 
structure corresponds to that of the PDP 5 shown in Fig. 
35 8. Similarly, the light shielding films 46 can be formed 
as are shown for the structure in Fig. 5. 

As is described above, a photosensitive resist of a 
polymer organic material is used for the light shielding 
lilms 49 and 48. 1 1, prior to the formation of tho oloctrodos 
40 41 the light shielding films are formed and annealed for 
stability, the contact of the electrodes 41 may be dete- 
riorated due to an uneven surface of the film. From this 
point of view, the process in Fig. 9 is an effective one. 
Figs. 1 0A through 1 0C are cross sectional views of 
45 a method for forming a dielectric layer 17 and a MgO 
protection layer 18 on light shielding films. An explana- 
tion will be given for this example by employing the light 
shielding films 48, shown in Figs. 8 and 9E, that are 
formed separately from the electrodes 41 and 42. 
so In the fabrication process for the dielectric layer 17 
shown in Fig. 10. annealing of the light shielding films 
48 is also performed together with the procedure for an- 
nealing the dielectric layer 17. For the formation of the 
dielectric layer 17, a low-melting-point glass paste con- 
55 taining lead oxide (PbO) as the main element is printed 
on the surface of the substrate, and is then annealed. 
This process involves at least two procedures: the print- 
ing and the annealing of the lower dielectric layer 17a 
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and the upper dielectric layer 17b. Specifically, as a ma- 
terial for the lower dielectric layer 1 7a, a composition is 
selected for which the viscosity is not decreased in the 
annealing atmosphere and which does not easily react 
with the I TO of the transparent electrodes 41 and the s 
copper (Cu) of the bus electrodes 42. Such a composi- 
tion material is, for example, a glass paste that compris- 
es PbO/SiOg/BgOa/ZnO, and that contains a compara- 
tively large amount of SiOg. 

As a material for the upper dielectric layer 17b, a io 
composition is selected for which the viscosity is ade- 
quately decreased in the annealing atmosphere and the 
surface is flattened As such a composition material, a 
glass paste which comprises PbO/SiOg/BaOg/ZnO and 
contains a comparatively small amount of Si02 is se- is 
lected. 

As is shown in Fig. 10A, the surface of the glass 
substrate 11 is printed by a glass paste, which compris- 
es PbO/Si02/B203/ZnO and contains a comparatively 
large amount of SiOg. The substrate 1 1 is then annealed 
for about 60 minutes in a dry atmosphere at 580** C to 
590**C. The viscosity of the glass paste is not much de- 
creased at the annealing temperature, and the paste 
does not easily react with the ITO of the transparent 
electrodes 41 and the copper (Cu) of the bus electrodes 2S 
42. Further, the glass paste is annealed at the same time 
as the light shielding films 48. Therefore, a savings in 
the time and labor required for the annealing process 
can be realized, as conrpared with the example wherein 
the light shielding films 48 are formed prior to the elec- 30 
trodes41 and 42. 

Next, as is shown in Fig. 10B, the upper dielectric 
layer 1 7b is formed. In the same manner as for the lower 
dielectric layer 17a, the substrate is printed by using a 
glass paste and is annealed for about 60 minutes in a 3S 
dry atnnosphere at 580*C to SQC^'C. The preferable 
glass paste is one that comprises PbO/SiOa/BgOg/ZnO 
and contains a comparatively small amount of SiOg, as 
is described above. As a result, the dielectric layer 17 
having a flat surface is formed. 40 

Finally, a thick layer of low-melting-point glass film 
for sealing is formed around the edges of the glass sub- 
strate 11 (not shown), and then, as is shown in Fig. IOC, 
the MgO film 18 is formed as a protective film by evap- 
oration. 45 

Although the light shielding films 48 are formed sep- 
arately from the electrodes 41 and 42 in the process 
shown in Fig. 10, as previously described, the light 
shielding films may contact the electrodes 41 as in the 
PDPs 2 and 4 shown in Figs. 5 and 7. Though the reason so 
is still not well understood, when a substrate on which 
light shielding films are in contact with electrodes 41 and 
42 is placed in an annealing atnnosphere at a tempera- 
ture close to 600'*C, the light shielding films may be 
turned brown, and to prevent this, it may be effective for ss 
the light shielding films to be separated from the elec- 
trodes 41 and 42 in the same manner as for the light 
shielding films 48. The separation interval in this case 



is called a color change prevention gap for convenience 
sake. 

Fig. 11 is a plan view of a PDP wherein light shield- 
ing films 48 are formed in the periphery outside a display 
area of the panel. Fig. 1 2 is a cross sectional view of the 
portion taken along the line XX-YY in Fig. 11. As is de- 
scribed above, the contrast of a display is increased by 
forming light shielding films 48 between the X and Y 
electrodes in the areas between the display lines LI , L2 
and L3. In Fig. 11, the light shielding films 48 are also 
formed in a peripheral area. 

In the PDP, to prevent an occurrence of accidental 
discharge, dummy X and Y electrodes DX and DY. are 
formed at the peripheral portions of paired X and Y elec- 
trodes XT Y1, X2. Y2, X3 and Y3, which commonly 
serve as display electrodes. Wall charges not required 
for display are prevented from being accumulated by 
frequently performing discharges between the dummy 
electrodes DX and DY also. The discharges performed 
in the peripheral area and the exposure of the phos- 
phors layer cause contrast in a display area to be dete- 
riorated. Therefore, as is shown in Fig. 11, the light 
shielding films 48 are formed on the dummy electrodes 
DX and DY (indicated as Dummy in Fig. 11), and on a 
peripheral area PE where leads 42R of bus electrodes 
42 are formed. The EX described by the chain lines is 
a display screen frame on the surface of the panel, and 
a sealing member 50 is formed at a position on the frame 
EX to seal the glass substrates. In the cross sectional 
view in Fig. 1 2, the front glass substrate 11 and the seal- 
ing member 50 formed on the MgO film 18 are shown, 
while a rear glass substrate is omitted. 

The leads 42R of the bus electrodes 42 are con- 
nected to an external controller via a flexible cable (not 
shown). Therefore, the two glass substrates are sealed 
together by the sealing member 50 at the portion of the 
leads 42R of the bus electrodes 42. 

[Material for light shielding film] 

An explanation has been given for the process for 
forming the dielectric layer 1 7 on the light shielding films 
48 and annealing them at about 600°C. as is shown in 
Figs. 1 0A through 1 0C. If the display electrodes and the 
light shielding films are in contact with each other, the 
black color of the light shielding films 48 may be 
changed. Although the reason is not well understood, it 
seems that the display electrodes and the light shielding 
films that are in contact with each other tend to be ion- 
ized during the annealing process, and the low-melting- 
point glass paste absorbs oxygen from the oxides of Mn, 
Fe and Cu, which are contained in the black pigment, 
and the oxides are reduced. Thus, an effective means 
to prevent the color change is for an oxide agent actively 
discharging oxygen to be mixed in the photosensitive 
resist 71 containing the black pigment, which is formed 
into the light shielding films. 

The specific oxide agents that were used in this 
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manner are NaNOs, Ba02. etc. And as a result, it was 
confirmed that no color change occurred, even when the 
annealing process was completed. 

The light shielding films can increase the contrast 
for a display in the PDP by not leaking light to the exterior s 
from inside the PDP. However, because of the black 
color extemal light is regularly reflected from the phase 
boundary between the light shielding films 48 and the 
glass substrate 11, and as a mirror image due to this 
regular reflection appears, it is sometimes difficult to io 
look at the display scroon. Even in the conventional 
structure in which light shielding films are not formod, 
the regular reflection between the paired display elec- 
trodes occurs on the surface of the address electrodes 
at the back substrate. To prevent the regular reflection is 
from occurring at the phase boundary between the light 
shielding films 48 and the glass substrate 11, a low-melt- 
ing-point glass powder Is mixed In the material for the 
light shielding films. 

The low-melling-poinl glass powder is the same 
material as the dielectric layer 17, for example, and is 
contained about 50% in the organic photosensitive re- 
sist 71 . The organic photosensitive resist 71 , therefore, 
contains a black pigment and low-melting-point glass 
powder. Although, as in conventional manner, tho rog- 2S 
ular reflection of extemal light occurs on the outer sur- 
face of the front glass substrate 11, the refractive index 
of the light shielding film 48 Is close to that of the glass 
substrate 11 at their phase boundary, and accordingly, 
the reflectivity is reduced to about half. Further, light is 30 
absorbed by the black pigment contained in the light 
shielding films 48, and accordingly, reflected light is also 
reduced. Therefore, the regular reflection at the display 
screen is reduced as a whole, and the unclear display 
due to mirror imaging is improved. -35 

When bw-melting-point glass was not mixed in the 
light shielding films 48. the regular refractive index was 
approximately 8% (4% at the glass outer surface and 
4% at the phase boundary). When low-melting-point 
glass powder was mixed into the light shielding films 48, 40 
regular refractive index was reduced to about 6% (4% 
at the glass outer surface and 2% at the phase bound- 
ary). 

As is described above, the light shielding films are 
formed to increase the contrast for a display screen. For 4S 
this formation, an oxide agent is mixed in the organic 
photosensitive resist 71 to prevent a color change from 
occurring during the annealing process, and the tow- 
melting-point glass Is mixed in to prevent regular reflec- 
tion, s^ 

As a method for preventing the change in the color 
of the light shielding films, proposed Is a method wherein 
the display electrodes are coated with a thin insulation 
film, such as Si02 film, to keep the light shielding films 
from contacting the display electrodes. 55 

Fig. 1 3 is a cross sectional view of a modification of 
the PDP, showing a front glass substrate 11 and a rear 
glass substrate 1 2. In this modification, as light shielding 



films 48, light shielding films 48A are formed on the outer 
surface of the front substrate 11 in the areas between 
the display lines L; light shielding films 48B are formed 
inside a dielectric layer 17; and light shielding films 48C 
are formed above a phosphors film 24 on the rear glass 
substrate 21. 

Regardless of the locations at which the light shield- 
ing films 48 are formed, light from the phosphors film 24 
can be prevented from leaking out to the front. 

Although the reflection PDPs 1 through 5 are em- 
ployed for the above explanation, tho present Invention 
can also bo applied for a transmission PDP In which a 
phosphors layer 28 is formed on a front glass substrate 
11 . And light shielding films may be formed on the outer 
surface of the glass substrate 11 . It should be noted that 
in this case, an alignment process between the glass 
substrates Is required. 

According to embodiments of the present Invention, 
non-luminous areas between display lines can be 
shielded so they are not noticeable, and the conlrasl lor 
a display can be increased. 

According to these embodiments, reflection of ex- 
ternal light at the surface of a phosphors layer can be 
prevented to varying extents, and a display having high 
contrast can bo provided. 

According to these embodiments, reflection of ex- 
ternal light can be prevented not only at the area be- 
tween the display line but also at the surface of a metal 
electrode, and a display having high contrast can be 
achieved. 

According to these embodiments, expansion of light 
shielding films may be prevented In the process for form- 
ing a dielectric layer, and reduction of luminance can be 
prevented. 

According to the above embodiments, since light 
shielding films can be fonned without increasing the 
number of mask alignment processes for patterning, a 
high yield can be maintained and the contrast for a dis- 
play can be increased. 

According to the above embodiments, after display 
electrodes are formed, light shielding films and a dielec- 
tric layer can be formed and annealed together, and a 
comparatively stable process can be performed. 



Claims 

1. A surface discharge plasma display panel, having 
paired front and rear substrates and a discharge 
space therebetween, and a plurality of paired dis- 
play electrodes extending along each of a plurality 
of display lines and formed on the intemal surface 
of either the front or the rear substrate, the surface 
discharge plasma display panel further comprising; 

a light shielding film extending in bands along 
the display line direction, the bands being formed 
on the internal or outer surface of the front substrate 
so as to overlay the gaps between adjacent display 
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lines and which are located between adjacent dis- 
play electrodes. 

A surface discharge plasma display panel, having 
paired front and rear substrates and a discharge 
space therebetween, a plurality of paired display 
electrodes extending along each of a plurality of dis- 
play lines and being formed on the internal surface 
of the front substrate, and having phosphors provid- 
ed on the internal surface of the rear substrate, the 
surface discharge plasma display panel further 
comprising; 

a light shielding film: extending in bands along 
the display line direction, having a darker color than 
the phosphors, the bands being formed on the in- 
ternal or outer surface of the front substrate so as 
to overlay the gaps between adjacent display lines 
and which bands are located between adjacent dis- 
play electrodes. 

A surface discharge plasma display panel of claim 
1 or claim 2, further comprising, 

a dielectric layer formed on the internal surface 
of the front substrate to overlay the display 
electrodes, 

wherein the one or more light shielding bands 
are formed between the front substrate and the 
dielectric layer. 

A surface discharge plasma display panel of claim 
1 or claim 2, further comprising, 

a dielectric layer formed on the internal surface 
of the front substrate to overlay the display 
electrodes, 

wherein the one or more light shielding bands 
are provided at the intermediate portion in the 
thickness direction of the dielectric layer and 
separated from the display electrode. 

A surface discharge plasma display panel of claim 
3 or claim 4, wherein 

the display electrode comprises a transparent 
and conductive layer, 

the light shielding are made of a dark material 
including one or more of Mn, Fe and Cu, are 
located between the display electrodes and are 
separated from the display electrodes with a 
color change preventing gap In between. 

A surface diechargo plasma display panot of claim 
1 or claim 2, wherein 

the display electrode comprises a transparent 
electrode and a metal electrode having a nar- 
rower width than the transparent electrode and 
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overlapping the edge of the transparent elec- 
trode close to the non-luminous area, and 
the one or more light shielding bands are pro- 
vided at the front side of the display electrode 
to overlap the metal electrode at both sides. 

A method for manufacturing a surface discharge 
plasma display panel having paired front and rear 
substrates and a discharge space therebetween, a 
plurality of paired display electrodes extendinq alo- 
na each of a plurality of display lines which are 
formed on the internal surface of the front substrate, 
and phosphors provided on the intemal surface of 
the rear substrate, the method comprising steps of: 

forming the display electrodes on the intemal 
surface of the front substrate; 
forming a light shielding film in bands extending 
along the display line direction and having a 
darker color than the phosphors, on the intemal 
surface of the front substrate so as to overlap 
each area between the adjacent display lines 
and which bands are located between the dis- 
play electrodes; 

coating a dielectric layer having a first thickness 
on the internal surface of the front substrate to 
cover the display electrodes and the light 
sh ielding film and annealing the dielectric layer; 
and 

coating a further dielectric layer having a sec- 
ond thickness larger than the first thickness on 
said dielectric layer and annealing the further 
dielectric layer. 

A method for manufacturing a surface discharge 
plasma display panel, having paired front and rear 
substrates with a discharge space therebetween, a 
plurality of paired display electrodes extending 
along each one of a plurality of display lines which 
are formed on the intemal surface of the front sub- 
strate, and phosphors provided on the intemal sur- 
face of the rear substrate, the method comprising 
the steps of: 

forming the display electrodes on the intemal 
surface of the front substrate; 
forming a light shielding film in bands extending 
along the display line direction and having a 
darker color than the phosphors, on the intemal 
surface of the front substrate so as to overlap 
each area between the adjacent display lines 
and which are located between the display 
oloctrodos; 

coating a dielectric layer on the intemal surface 
of the front substrate to cover the display elec- 
trodes and the light shielding film and annealing 
the dielectric layer at a temperature lower than 
the softening temperature of the dielectric lay- 
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er; and 

coating a second dielectric layer on said dielec- 
tric layer and annealing the second dielectric 
layer. 

9. A method for manufacturing a surface discharge 
plasma display panel, having paired front and rear 
substrates with a discharge space therebetween, a 
plurality of paired display electrodes extending 
along each one of a plurality of display lines and 
formed on the internal surface of the front substrate, 
and phosphors provided on the internal surface of 
the rear substrate, the method comprising steps of: 

forming a light shielding film in bands extending 
along the display line direction and having a 
darker color than the phosphors, on the internal 
surface of the front substrate so as to overlap 
each area between the adjacent display lines 
and which are located between the display 
electrodes; 

fomning a transparent conductive layer on the 
internal surface of the front substrate and pat- 
terning the transparent conductive layer to form 
a transparent electrode partially overlapping 
the light shielding film; 

coating a photosensitive material, which is in- 
solubilized by exposure, to cover the light 
shielding film and the transparent electrode, 
exposing the photosensitive material to light 
from the outer side of the front substrate, and 
developing the photosensitive material to form 
a resist layer between the stripes of the light 
shielding film; and 

selectively forming a metal electrode on the ex- 
posed portion of the transparent electrode by 
plating. 

10. A plasma display panel, having a pair of substrates 
with a discharge space therebetween and a plurality 
of paired display electrodes extending along each 
of a plurality of display lines and which are formed 
on the internal surface of one of the substrates, a 
discharge being caused between the paired display 
electrodes, the plasma display panel comprising: 

a light shielding film arranged in bands extend- 
ing along the display line direction, formed on 
the internal surface of one of the substrates so 
as to overlay each area between the adjacent 
display lines and which are located between the 
display electrodes, 

wherein said display electrodes are provided to 
partially overlap the light shielding film. 

11. A plasma display panel, having a pair of substrates 
with a discharge space therebetween and a plurality 
of paired display electrodes extending along each 
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of a plurality of display lines and which are formed 
on the Internal surface of one of the substrates, a 
discharge being caused between the paired display 
electrodes, the plasma display panel comprising: 

a light shielding film, arranged in bands extend- 
ing along the display line direction, formed on 
the internal surface of one of the substrates so 
as to overlay each area the adjacent display 
lines and which bands are located between the 
display electrodes, 

wherein the bands of the light shielding film 
make contact with the edges of said display 
electrodes. 

12. A plasma display panel, having a pair of substrates 
with a discharge space therebetween and a plurality 
of paired display electrodes extending along each 
of a plurality of display lines and which are formed 
on the Internal surface of one of the substrates, a 
discharge being caused between the paired display 
electrodes, the plasma display panel comprising: 

a light shielding film formed in bands, extending 
along the display line direction, on the internal 
surface of one of the substrates so as to overlay 
each area between the adjacent display lines 
and which are located between the display 
electrodes, 

wherein the bands of the light shielding film do 
not make contact with said display electrodes. 

13. A plasma display panel, having a pair of substrates 
with a discharge space therebetween and a plurality 
of paired display electrodes extending along each 
of a plurality of display lines and which are formed 
on the Internal surface of one of the substrates, a 
discharge being caused between the paired display 
electrodes, the plasma display panel comprising: 

a light shielding film, extending in bands along 
the display line direction, formed on the internal 
su rface of one of the substrates so as to overlay 
each area between the adjacent display lines 
and which are located between the display 
electrodes, 

wherein the bands of the light shielding film par- 
tially overlap said display electrodes. 



so 14. A plasma display panel, having a pair of substrates 
with a discharge space therebetween and a plurality 
of paired display electrodes extending along each 
of a plurality of display lines and which are formed 
on the internal surface of one of the substrates, a 

55 discharge being caused between the paired display 
electrodes, the plasma display panel comprising: 

a light shielding film, extending in bands along 
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the display line direction, formed on the Internal 
surface of one of the substrates so as to overlap 
each area between the adjacent display lines 
and which bands are located between the dis- 
play electrodes, 

said light shielding film being further provided 
at a peripheral area of an effective display area. 

15. A plasma display panel of claims 1 , 2, 3, 4, 5, 6, 10. 
11. 12, 13or 14, wherein 

said front or one substrate comprises glass, 
and the light shielding film includes glass material. 

16. A method for manufacturing a plasma display pan- 
el, having a pair of substrates with a discharge 
space therebetween and a plurality of paired dis- 
play electrodes extending along each of a plurality 
of display lines and which are formed on the internal 
surface of one of the substrates, a discharge being 
caused between the paired display electrodes, the 
method comprising the steps of: 

fomning the paired display electrodes on one of 
the substrates; 

fomiing a film including a dark pigment on the 
display electrodes and on the one substrate, 
patterning the film to form a light shielding film 
extending in bands afong the display line direc- 
tion, the bands overlaying each gap between 
adjacent display tines and being located be- 
tween the display electrodes; and 
fomning a dielectric paste layer over the display 
electrodes and the light shielding film and an- 
nealing the dielectric material layer at a prede- 
termined temperature. 

17. The method for manufacturing a plasma display 
panel according to claim 16, wherein 

said film including the dark pigment is made 
of a photosensitive material, and the said film and 
the dielectric paste layer are annealed at the same 
time. 

1 8. A method for manufacturing a plasma display panel 
of claim 16 or 17, wherein 

the said dark pigment including film further in- 
cludes an oxidizing agent. 

1 9. A method for manufacturing a plasma display panel 
of claim 16, 17 or 18 wherein 

said step of forming and annealing the dielectric 
paste includes: 

a step of forming and annealing a first dielectric 
paste having a first viscosity at an anneal tem- 
perature and 

a step of forming and annealing a second die- 
lectric paste having a second viscosity lower 



than the first viscosity at the anneal tempera- 
ture. 

20. A surface discharge plasma display panel, having 
a pair of front and rear substrates with a discharge 
space therebetween, wherein 

said front substrate is transparent and includes 
a plurality of paired parallel display electrodes 
corresponding to a plurality of display lines on 
the internal surface thereof, and 
said rear substrate includes, on the intemal sur- 
face thereof, a plurality of address electrodes 
in a direction intersecting the display elec- 
trodes, a plurality of barrier ribs provided be- 
tween the adjacent address electrodes, and a 
phosphor layer having a strip pauern formed 
between the adjacent barrier ribs to cover the 
address electrodes, 

said surface discharge plasma display panel 
comprising: 

a light shielding film extending in bands along 
the display line direction and having a darker 
color than the phosphors, the bands being 
formed on the internal surface of the front sub- 
strate so as to overlap each area between the 
adjacent display lines and which bands are lo- 
cated between the display electrodes; 
wherein the barrier ribs include a top portion 
which is da rker than the phosphors, and where- 
in a lattice shape dark pattern Is provided, by 
the light shielding film and the barrier ribs cross- 
ing each other, to define a boundary of the plu- 
rality of display pixels which constitute each 
said display line. 
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